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Prevention and Detection of Adventitious MPV Prevention and Detection of Adventitious MPV 
and MNV Infectionsand MNV Infections: : Seminar OverviewSeminar Overview

•• Why use Specific PathogenWhy use Specific Pathogen--Free Free 
(SPF) research models?(SPF) research models?

•• How are animals kept SPF? How are animals kept SPF? 
•• Why are adventitious MPV and MNV Why are adventitious MPV and MNV 

infections still prevalent?infections still prevalent?
•• MPV and MNV SurveillanceMPV and MNV Surveillance



Specific PathogenSpecific Pathogen--Free (SPF)Free (SPF)
•• Vast majority of animals used in Vast majority of animals used in 

researchresearch
•• Test negative for:Test negative for:

•• Most or all known exogenous virusesMost or all known exogenous viruses
•• Pathogenic parasitesPathogenic parasites
•• Limited list bacteria that may cause disease Limited list bacteria that may cause disease 

or otherwise interfere with researchor otherwise interfere with research
•• Immunocompetent: Primary PathogensImmunocompetent: Primary Pathogens
•• Immunocompromised: OpportunistsImmunocompromised: Opportunists



Why use SPF?Why use SPF?
•• Adventitious (i.e., accidental) Adventitious (i.e., accidental) 

infections:infections:
•• Interfere with researchInterfere with research

•• DiseaseDisease
•• Contaminate biological materialsContaminate biological materials
•• Subtle changes that alter:Subtle changes that alter:

•• Experimental responsesExperimental responses
•• Phenotype in GM animalsPhenotype in GM animals

•• Zoonotic agents pose a risk to public healthZoonotic agents pose a risk to public health
•• Subclinical in natural hostSubclinical in natural host
•• LCMV, Hantaviruses, LCMV, Hantaviruses, S. S. moniliformismoniliformis



Prevention of Adventitious InfectionsPrevention of Adventitious Infections: : 
How?How?

•• Adoption of Animal Production Adoption of Animal Production 
and Maintenance Processes that and Maintenance Processes that 
Emphasize Emphasize BiosecurityBiosecurity



BiosecurityBiosecurity

•• All measures taken to:All measures taken to:
•• Exclude (i.e., prevention)Exclude (i.e., prevention)
•• Contain (i.e., limit spread)Contain (i.e., limit spread)
•• Eradicate Eradicate 
adventitious infectionsadventitious infections



Biosecurity: ExclusionBiosecurity: Exclusion

•• Simplistic approach is to Simplistic approach is to 
look for look for ““Smoking GunSmoking Gun””

•• Appears more:Appears more:
•• ExpedientExpedient
•• EconomicalEconomical

•• Often unproductiveOften unproductive



Biosecurity: ExclusionBiosecurity: Exclusion

•• Systematic Approach: Define all Systematic Approach: Define all 
sources of infection and sources of infection and 
mitigate risk factors associated mitigate risk factors associated 
with those sourceswith those sources



Sources of Adventitious InfectionSources of Adventitious Infection
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Sources of Adventitious InfectionSources of Adventitious Infection

•• Shared EquipmentShared Equipment



Biosecurity: ExclusionBiosecurity: Exclusion
•• Mitigate risk factorsMitigate risk factors associated associated 

with sourceswith sources
•• Direct SourcesDirect Sources

•• Wild or escaped rodents: Pest Wild or escaped rodents: Pest 
controlcontrol

•• Imported rodents: Active Imported rodents: Active 
quarantine or rederivationquarantine or rederivation

•• Utilize isolators or Utilize isolators or microisolatorsmicroisolators
to contain and exclude to contain and exclude 
adventitious infectionsadventitious infections



Biosecurity: ExclusionBiosecurity: Exclusion

•• Is active quarantine necessary for Is active quarantine necessary for 
vendorvendor--supplied rodents?supplied rodents?
•• Not for vendors from which you routinely Not for vendors from which you routinely 

receive animalsreceive animals
•• CaveatsCaveats

•• Animals not shipped on dedicated transport Animals not shipped on dedicated transport 
may become infected in transitmay become infected in transit

•• Sentinels to be distributed among many roomsSentinels to be distributed among many rooms



Biosecurity: ExclusionBiosecurity: Exclusion
•• Indirect SourcesIndirect Sources: Disinfection of Supplies : Disinfection of Supplies 

and Shared Equipmentand Shared Equipment
•• Physical:Physical: Autoclaving or gamma irradiation of Autoclaving or gamma irradiation of 

food and beddingfood and bedding
•• Chemical:Chemical: Chlorine disinfectants e.g., bleach and Chlorine disinfectants e.g., bleach and 

chlorine dioxide, of surfaces and water; ethylene chlorine dioxide, of surfaces and water; ethylene 
oxide, Hoxide, H22OO22 for equipmentfor equipment



Biosecurity: ExclusionBiosecurity: Exclusion

•• Indirect Sources: Indirect Sources: 
PersonnelPersonnel
•• GowningGowning
•• Unidirectional workflow: Unidirectional workflow: 

moving from cleanmoving from clean-->dirty>dirty
•• Handling animals in laminar Handling animals in laminar 

flow hood with disinfected flow hood with disinfected 
gloves or forcepsgloves or forceps



Biosecurity: ExclusionBiosecurity: Exclusion
CesareanCesarean--Originated BarrierOriginated Barrier--Sustained (COBS)Sustained (COBS)



BiosecurityBiosecurity--ExclusionExclusion

•• Indirect Sources: Biological ReagentsIndirect Sources: Biological Reagents
VirusA Source Reference 
TMEV-TO Yellow fever isolation Theiler, M., 1937 
PVM Virus isolation in mice Horsfall, F. L. and Hahn, R. G., 1940 
K virus MMTV stock Kilham, L., 1952 
Polyoma MuLV stock Gross, L., 1953 
Sendai Virus isolation in mice Fukumi, H. et al., 1954 
MAV-1 Friend-MuLV stock Hartley and Rowe, 1960 
LDHV Ehrlich carcinoma cells Riley, V. et al., 1960 
RV Rat sarcoma Kilham, L. and Olivier, L. J., 1959 
MTLV Mouse tumor extract Rowe and Capps, 1961 
MVM(p) Mouse adenovirus stock Crawford, L. V., 1966 
MVM(i) Mouse EL4 lymphoma  Bonnard, G. D. et al., 1976 
MPV-1 T lymphocyte clone Mckisic, M. D. et al., 1993 
MNV-1 RAG/STAT -/- mice Karst, S. M. et al., 2003 



Sources of Contamination for 
Biological Reagents



Biosecurity: ExclusionBiosecurity: Exclusion

•• Indirect Sources: Biologicals Indirect Sources: Biologicals 
•• Obtain Obtain raw materials from reliable sourceraw materials from reliable source with with 

certificate of analysiscertificate of analysis
•• Follow practices that Follow practices that prevent operatorprevent operator--induced induced 

contaminationscontaminations, e.g., gowning and use of , e.g., gowning and use of 
biological safety cabinetsbiological safety cabinets

•• BankBank cell substrates and microbial inocula: Well cell substrates and microbial inocula: Well 
characterized and standardized starting pointcharacterized and standardized starting point

•• Treat reagentsTreat reagents by physical (filtration, heat) or by physical (filtration, heat) or 
chemical (detergent, BPL) means chemical (detergent, BPL) means to remove or to remove or 
inactivateinactivate infectious agentsinfectious agents



Biosecurity: ExclusionBiosecurity: Exclusion

•• Indirect Sources: Biologicals (continued)Indirect Sources: Biologicals (continued)
•• Testing for microbial contaminants Testing for microbial contaminants 

particularly important for:particularly important for:
•• Multiuse reagents and equipmentMultiuse reagents and equipment, e.g., , e.g., 

chromatography columnschromatography columns
•• Cells and other biological reagents to be Cells and other biological reagents to be 

inoculated into animal hostsinoculated into animal hosts, which often , which often 
produce much higher titers of an infectious agent produce much higher titers of an infectious agent 
than cell culturethan cell culture



Biosecurity: EliminationBiosecurity: Elimination
•• Rederivation By Hysterectomy or ETRederivation By Hysterectomy or ET

•• Most effective and methodology used at Most effective and methodology used at 
Charles RiverCharles River

•• Eliminates yetEliminates yet--toto--bebe--discovered agentsdiscovered agents
•• ExpensiveExpensive
•• Sacrifice valuable breedersSacrifice valuable breeders

•• Neonatal Transfer to SPF Foster DamNeonatal Transfer to SPF Foster Dam
•• Less expensive, saves breeders Less expensive, saves breeders 
•• Shown to be effective for eliminating Shown to be effective for eliminating H. hepaticus H. hepaticus 

if done within 24 hours (Singletary et al, 2003)if done within 24 hours (Singletary et al, 2003)
•• Iodine Immersion (Watson et al, 2005)Iodine Immersion (Watson et al, 2005)



Biosecurity: EliminationBiosecurity: Elimination
•• Moratorium on breedingMoratorium on breeding and the introduction of and the introduction of 

susceptible animals for enveloped viruses that cause susceptible animals for enveloped viruses that cause 
nonnon--persistent infections.  Genetically modified animals persistent infections.  Genetically modified animals 
may be immunodeficient.may be immunodeficient.

•• Antimicrobial TreatmentAntimicrobial Treatment
•• Successful on small scale for hostSuccessful on small scale for host--adapted bacteria that do adapted bacteria that do 

no survive outside of host, e.g., no survive outside of host, e.g., P. P. pneumotropicapneumotropica and and H. H. 
hepaticushepaticus

•• Parasite InfestationsParasite Infestations
•• Treatment has to be 100% effectiveTreatment has to be 100% effective
•• Extensive testing required to validate efficacy (i.e., cure)Extensive testing required to validate efficacy (i.e., cure)
•• May be toxic to genetically modified animalsMay be toxic to genetically modified animals



Efficacy of Laboratory Rodent BiosecurityEfficacy of Laboratory Rodent Biosecurity

•• Once common adventitious agents  Once common adventitious agents  
(e.g., Sendai virus, PVM, (e.g., Sendai virus, PVM, M. M. pulmonispulmonis) ) 
have become rarehave become rare

•• Exclusion and eradication of other Exclusion and eradication of other 
agents has remained problematic, .e.g.,agents has remained problematic, .e.g.,
•• Mouse Parvovirus (MPV)Mouse Parvovirus (MPV)
•• Murine Norovirus (MNV)Murine Norovirus (MNV)



ParvovirusesParvoviruses
•• Molecular BiologyMolecular Biology

•• Comparatively small virus: approx 20nmComparatively small virus: approx 20nm
•• NonNon--envelopedenveloped
•• SS DNA genome of 5KbSS DNA genome of 5Kb
•• ProteinsProteins

•• NonNon--structural: NS1, NS2structural: NS1, NS2
•• Virion (coat) proteins: VP1, VP2Virion (coat) proteins: VP1, VP2

•• Replication requires mitotically active cellsReplication requires mitotically active cells

•• Predilection for dividing cells accounts Predilection for dividing cells accounts 
for pathogenicity and research effectsfor pathogenicity and research effects



Rodent ParvovirusesRodent Parvoviruses
•• SerotypesSerotypes

•• MouseMouse
•• Minute virus of mice (MVM, MMV)Minute virus of mice (MVM, MMV)
•• Mouse parvovirus (MPVMouse parvovirus (MPV--1)1)
•• MPVMPV--2, 32, 3

•• RatRat
•• Kilham rat virus (RV)Kilham rat virus (RV)
•• ToolanToolan’’s Hs H--11
•• Rat parvovirus 1 (RPV)Rat parvovirus 1 (RPV)
•• Rat minute virus 1 (RMV)Rat minute virus 1 (RMV)

•• Newly recognized but not newNewly recognized but not new
•• Retrospective MPV Serology: prevalent in mice over 30 yearsRetrospective MPV Serology: prevalent in mice over 30 years
•• Nonpathogenic: longstanding relationship with rodent hostsNonpathogenic: longstanding relationship with rodent hosts

*Newly recognized  (since late 80’s)  
with switch from HAI to ELISA/IFA 

*Prototype rodent parvoviruses



MPV PathobiologyMPV Pathobiology

•• Nonpathogenic:Nonpathogenic: Even for neonatal and Even for neonatal and 
immunocompromised hostsimmunocompromised hosts
EnterotropicEnterotropic:: FecalFecal--Oral TransmissionOral Transmission

•• LymphotropicLymphotropic:: Infection persistsInfection persists in in 
lymphocytes even seropositive lymphocytes even seropositive 
immunocompetent miceimmunocompetent mice

•• Shedding NOT persistent in Shedding NOT persistent in 
immunocompetent hostsimmunocompetent hosts



MPV Research EffectsMPV Research Effects
•• Identification and propagation of a putative Identification and propagation of a putative 

immunosuppressive orphan parvovirus in immunosuppressive orphan parvovirus in 
cloned T cells (cloned T cells (McKisicMcKisic et al, 1992)et al, 1992)
•• CPE and erythrocyte aggregates observed in cloned CPE and erythrocyte aggregates observed in cloned 

murine T cell culturesmurine T cell cultures
•• ↓↓ ProliferativeProliferative response to ILresponse to IL--2 or antigen2 or antigen
•• Virus shown to be new parvovirus serotypeVirus shown to be new parvovirus serotype
•• OPVOPV-->MPV>MPV--1a1a
•• Suspected sources: Suspected sources: 

•• MLC supernatant added as a source of MLC supernatant added as a source of lymphokineslymphokines
•• Irradiated spleen feeder cellsIrradiated spleen feeder cells



MPV Research EffectsMPV Research Effects
•• MPVMPV--1a Modulates Immune Response 1a Modulates Immune Response 

(McKisic (McKisic et alet al, 1996), 1996)
•• Suppression of T Cell Response Suppression of T Cell Response In VitroIn Vitro

•• CD8+ T Lymphocyte Clones Lose Function CD8+ T Lymphocyte Clones Lose Function 
and Viabilityand Viability

•• CytokineCytokine-- and Antigenand Antigen--Induce T Cell Induce T Cell 
Proliferation Proliferation In Vitro  In Vitro  Suppressed After Suppressed After 
Exposure to MPVExposure to MPV--1a1a

•• Potentiates Allograft RejectionPotentiates Allograft Rejection
•• Induces Isograft RejectionInduces Isograft Rejection



NorovirusesNoroviruses
•• Family Family CaliciviridaeCaliciviridae ((calixcalix = cup)= cup)

•• 2828--35 nm35 nm
•• Non envelopedNon enveloped
•• PositivePositive--sense sense ssRNAssRNA genomegenome

•• ~7.4 ~7.4 –– 7.7 kb with 3 7.7 kb with 3 ORFsORFs
•• Single capsid protein: VP1Single capsid protein: VP1
•• Various nonVarious non--structural proteinsstructural proteins

•• Formerly referred to as NorwalkFormerly referred to as Norwalk--Like virusesLike viruses
•• In people, causes >90% nonbacterial epidemic In people, causes >90% nonbacterial epidemic 

gastroenteritis worldwide; 23M cases/yr in US gastroenteritis worldwide; 23M cases/yr in US 
((perper CDC)CDC)

•• Five Five genogroupsgenogroups
•• I, II, IV:  Human I, II, IV:  Human 
•• III:  Bovine (Jena)III:  Bovine (Jena)
•• V:  MurineV:  Murine



MNV Recently DiscoveredMNV Recently Discovered
•• Reported by Research at Washington Reported by Research at Washington UnivUniv starting in starting in 

20032003
•• Observed lethal disease in RAG/STAT1 double KO Observed lethal disease in RAG/STAT1 double KO 

mice lacking innate immunitymice lacking innate immunity
•• Histopathology: Meningoencephalitis, cerebral Histopathology: Meningoencephalitis, cerebral 

vasculitis, hepatitis and pneumonia vasculitis, hepatitis and pneumonia 
•• Identified MNVIdentified MNV--1 by representational difference 1 by representational difference 

analysis (RDA)analysis (RDA)
•• RT PCR: Virus detected in multiple organs and shed RT PCR: Virus detected in multiple organs and shed 

in fecesin feces
•• Tropism for macrophages and dendritic cellsTropism for macrophages and dendritic cells
•• MNV only norovirus propagated in a cellMNV only norovirus propagated in a cell--line: Murine line: Murine 

macrophage cell line RAW 264.7macrophage cell line RAW 264.7



MNV PathobiologyMNV Pathobiology
•• Low pathogenicity:Low pathogenicity: Disease observed only in mice deficient in Disease observed only in mice deficient in 

innate immunityinnate immunity
•• Shed in fecesShed in feces, but gastroenteritis and diarrhea not reported, but gastroenteritis and diarrhea not reported
•• Infection and shedding are persistentInfection and shedding are persistent in immunocompetent in immunocompetent 

hosts hosts 
•• Numerous strains existNumerous strains exist

•• Recombination (demonstrated for human noroviruses)Recombination (demonstrated for human noroviruses)
•• High rate of mutation: Lack of High rate of mutation: Lack of ““proofreadingproofreading”” activity by activity by 

RNARNA--dependent RNA polymerasesdependent RNA polymerases
•• Widespread and prevalentWidespread and prevalent

•• RADIL: 22% by Serology, 30% by fecal PCRRADIL: 22% by Serology, 30% by fecal PCR
•• Charles River RADS: 33% by SerologyCharles River RADS: 33% by Serology

•• HostHost--adaptation, genetic variation and high prevalence indicate adaptation, genetic variation and high prevalence indicate 
MNV MNV present for a long timepresent for a long time

•• Not in commercial breeder coloniesNot in commercial breeder colonies
•• Eliminated by hysterectomy and ET rederivationEliminated by hysterectomy and ET rederivation
•• Not vertically transmittedNot vertically transmitted
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Reasons Why MPV and MNV Are Reasons Why MPV and MNV Are 
Comparatively PrevalentComparatively Prevalent

•• Only Recently DiscoveredOnly Recently Discovered
•• Asymptomatic, benign, infectionsAsymptomatic, benign, infections

•• Generally nonpathogenic Generally nonpathogenic in vivoin vivo
•• Difficult to propagate in culture (intentionally or inadvertentlDifficult to propagate in culture (intentionally or inadvertently)y)

•• MPV: Only MPVMPV: Only MPV--1a is cultivatable1a is cultivatable
•• MNV: Field isolates have to be adapted to RAW cells and initiallMNV: Field isolates have to be adapted to RAW cells and initially y 

produce little CPEproduce little CPE
•• Before discovery, no surveillanceBefore discovery, no surveillance
•• Inadvertently spreadInadvertently spread

•• Difficult to Exclude and EradicateDifficult to Exclude and Eradicate
•• Infections are persistent: Contaminate biologicsInfections are persistent: Contaminate biologics
•• Exceptionally stable, tiny nonExceptionally stable, tiny non--enveloped virusesenveloped viruses
•• Resistant to disinfectionResistant to disinfection
•• Introduced via fomites: Notably food and beddingIntroduced via fomites: Notably food and bedding



MPV and MNV SurveillanceMPV and MNV Surveillance

•• Required because even the most Required because even the most 
rigorous biosecurity cannot be rigorous biosecurity cannot be 
guaranteed to exclude all adventitious guaranteed to exclude all adventitious 
infections.infections.

•• Infections are inapparent. Infections are inapparent. 
•• Detected by laboratory testingDetected by laboratory testing, , 

referred to as referred to as Health MonitoringHealth Monitoring (or (or 
HM)HM)



MPV and MNV SurveillanceMPV and MNV Surveillance
•• Surveillance MethodologiesSurveillance Methodologies

•• Disease and Active InfectionDisease and Active Infection
•• Gross and Microscopic Examination: No LesionsGross and Microscopic Examination: No Lesions
•• Isolation: Many field strains are noncultivableIsolation: Many field strains are noncultivable
•• Detection of viral genomic sequence by PCRDetection of viral genomic sequence by PCR

•• Persists in host tissues following seroconversionPersists in host tissues following seroconversion
•• Stable in environmentStable in environment

•• Immune Response to Infection in Immune Response to Infection in 
Convalescent HostConvalescent Host

•• Antibody SerologyAntibody Serology



MPV and MNV SurveillanceMPV and MNV Surveillance
•• Serology: Primary surveillance techniqueSerology: Primary surveillance technique

•• Despite generally persistent nature of parvovirus Despite generally persistent nature of parvovirus 
infectionsinfections

•• Traditional, easy to do and inexpensiveTraditional, easy to do and inexpensive
•• Single serum simultaneously tested for antibodies Single serum simultaneously tested for antibodies 

to many agentsto many agents
•• PCRPCR

•• Corroboration of serology: MLN, Fecal poolsCorroboration of serology: MLN, Fecal pools
•• Routine monitoring along with or instead of Routine monitoring along with or instead of 

serologyserology
•• Charles River: Quarterly MPV and MPV PCR on Charles River: Quarterly MPV and MPV PCR on 

fecal poolsfecal pools



Rodent SerologyRodent Serology
•• Traditional: HAI/CFTraditional: HAI/CF
•• Supplanted by ELISA and Supplanted by ELISA and 

IFAIFA
•• Screen by ELISAScreen by ELISA
•• Confirm by IFAConfirm by IFA

•• Performed as Performed as 
singleplexessingleplexes, i.e., 1 assay , i.e., 1 assay 
reaction per test wellreaction per test well



Issues with LargeIssues with Large--Scale Testing by Scale Testing by 
Singleplex ELISASingleplex ELISA

•• Large stacks of plates: 800Large stacks of plates: 800--1000 per week1000 per week



Issues with LargeIssues with Large--Scale Testing by Scale Testing by 
Singleplex ELISASingleplex ELISA
•• Complicated automation for plate and liquid handlingComplicated automation for plate and liquid handling



Issues with LargeIssues with Large--Scale Testing by Scale Testing by 
Singleplex ELISASingleplex ELISA

•• Large liquid volumes: reagents and wasteLarge liquid volumes: reagents and waste



Multiplexing: Multiple immunoassays performed Multiplexing: Multiple immunoassays performed 
simultaneously in a single well simultaneously in a single well 

•• Luminex MultiLuminex Multi--Analyte Profile (xMAP)Analyte Profile (xMAP)
•• Suspension microarray: Antigen (capture antibody or NA probe) Suspension microarray: Antigen (capture antibody or NA probe) 

covalently linked to polystyrene beadscovalently linked to polystyrene beads
•• Beads in 100 color sets: up to 100 assays in single wellBeads in 100 color sets: up to 100 assays in single well
•• Detector determines bead color (i.e., assay) and reporter dye Detector determines bead color (i.e., assay) and reporter dye 

(phycoerythrin) fluorescence intensity one bead at a time, 25(phycoerythrin) fluorescence intensity one bead at a time, 25--100 100 
beads per assay.beads per assay.

•• Intensity reported as median fluorescence index (MFI)Intensity reported as median fluorescence index (MFI)
•• Multiplexed Fluorometric Immunoassay (MFIAMultiplexed Fluorometric Immunoassay (MFIA™™))

Fluorometer: modified flow cytometerFluorometer: modified flow cytometer



MFIA ProcedureMFIA Procedure

YYB
A A

B
StreptavidinStreptavidin--RR--
Phycoerythrin (SPE) Phycoerythrin (SPE) 
Conjugate (30 min)Conjugate (30 min)

Biotinylated antiBiotinylated anti--species species 
immunoglobulin (30 min)immunoglobulin (30 min)

Serum antibody Serum antibody 
(60 min)(60 min)

Beads with Covalently Beads with Covalently 
Coupled (Conventional Coupled (Conventional 
or recombinant) Antigen or recombinant) Antigen 
(PBS 2(PBS 2--3 hours at room 3 hours at room 
temp)temp)

WashWash

WashWash

WashWash

ReadRead

WashWash



MFIAMFIA

•• High throughput with High throughput with 
much less much less 
•• Liquid/reagent volumes Liquid/reagent volumes 
•• Plates Plates 
•• Equipment Equipment 

•• Passes KEEP IT Passes KEEP IT 
SIMPLE STUPID SIMPLE STUPID 
(KISS) test(KISS) test



MFIA Validation: Analytical PerformanceMFIA Validation: Analytical Performance
•• StabilityStability of MFIA Panel of MFIA Panel Analytical Sensitivity and Analytical Sensitivity and 

SpecificitySpecificity during Storage at 4during Storage at 4°°C for 1 YearC for 1 Year
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Comparison of MFIA and ELISA Detection LimitsComparison of MFIA and ELISA Detection Limits
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MFIA Validation: Diagnostic PerformanceMFIA Validation: Diagnostic Performance
•• Diagnostic Specificity for MFIA Performed on Diagnostic Specificity for MFIA Performed on 

KnownKnown--Negative Sera from SPF Rodents Negative Sera from SPF Rodents 

Mouse Rat Both
Classification # % # % # %
True-Negative 416 100.0% 366 99.5% 782 99.7%
False-Positive 0 0.0% 1 0.3% 1 0.1%
Borderline 0 0.0% 0 0.0% 0 0.0%
Nonspecific 0 0.0% 1 0.3% 1 0.1%
Total 416 368 784



MFIA Validation: Diagnostic PerformanceMFIA Validation: Diagnostic Performance
•• Agreement between ELISA and MFIA Classifications of Agreement between ELISA and MFIA Classifications of 

KnownKnown--Positive and Positive and ––Negative SeraNegative Sera

Classification Mouse Rat All
ELISA MFIA # % # % # %

+ 154 22.9% 114 19.8% 268 21.5%
- 6 0.9% 8 1.4% 14 1.1%

96.3% 93.4% 95.0%
+ 4 0.6% 26 4.5% 30 2.4%
- 508 75.6% 428 74.3% 936 75.0%

99.2% 94.3% 96.9%
Agreement 662 98.5% 542 94.1% 1204 96.5%

Sensitivity

Specificity

+

-



MPV SerologyMPV Serology
•• Parvovirus genome encodes nonstructural (NS1,2) Parvovirus genome encodes nonstructural (NS1,2) 

and viral coat (VP1,2) proteinsand viral coat (VP1,2) proteins
•• Antibodies formed to both NS and VPAntibodies formed to both NS and VP

•• αα NSNS
•• NS proteins highly conserved; shared antigenNS proteins highly conserved; shared antigen
•• CrossCross--reactivereactive

•• αα VPVP
•• VP differ among serotypes, strainsVP differ among serotypes, strains
•• Selective: Do not crossSelective: Do not cross--react with heterologous serotypes, i.e., react with heterologous serotypes, i.e., 

serotype specificserotype specific
•• NS antibody response can be absent or delayedNS antibody response can be absent or delayed
•• To avoid false negative results, it is preferable to test To avoid false negative results, it is preferable to test 

for VP antibodies to each parvovirus serotype that for VP antibodies to each parvovirus serotype that 
naturally infects a rodent speciesnaturally infects a rodent species



MPV Serology: Recombinant AntigensMPV Serology: Recombinant Antigens
•• MPV cannot be propagated in cultureMPV cannot be propagated in culture to to 

levels sufficient for preparing ELISA/MFIA levels sufficient for preparing ELISA/MFIA 
antigenantigen

•• MPV VP2 and NS1MPV VP2 and NS1 genes inserted in genes inserted in 
baculovirus baculovirus 

•• Expressed by infecting SF insect cellExpressed by infecting SF insect cell--line with line with 
recombinant baculovirusrecombinant baculovirus
•• HistidineHistidine--tagged NStagged NS--1 protein purified by Ni 1 protein purified by Ni 

chelating chromatographychelating chromatography
•• VP2 forms virusVP2 forms virus--like particles (like particles (VLPsVLPs), which can be ), which can be 

purified by ultracentrifugationpurified by ultracentrifugation



MPV Serology: Recombinant AntigensMPV Serology: Recombinant Antigens

Native ParvovirusNative Parvovirus Parvovirus rVP2 Parvovirus rVP2 VLPsVLPs



Parvovirus SerosurveillanceParvovirus Serosurveillance
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MPV PCRMPV PCR
•• Assay TargetsAssay Targets

•• Screening: Conserved NS1 SequencesScreening: Conserved NS1 Sequences
•• Serotype Identification: Unique VP2 Serotype Identification: Unique VP2 

SequencesSequences
•• TechniquesTechniques

•• GelGel--BasedBased
•• Fluorogenic 5Fluorogenic 5'' nuclease TaqMan PCR used nuclease TaqMan PCR used 

at Charles Riverat Charles River
•• Incorporates hybridization of fluorophoreIncorporates hybridization of fluorophore--

labeled probelabeled probe
•• More specific than gelMore specific than gel--basedbased
•• More sensitiveMore sensitive
•• QuantitativeQuantitative

Nonspecific  Nonspecific  
BandBand



MPV Surveillance: PCR and Serology MPV Surveillance: PCR and Serology 
Results Largely AgreeResults Largely Agree

Shek et al, Contemp Topic 44:17-22, 2005



MPV Surveillance: Sentinels SeroMPV Surveillance: Sentinels Sero-- or or 
PCRPCR--Positive, but Study Mice NegativePositive, but Study Mice Negative

•• SPV (Sentinel Parvovirus) instead of MPV?  SPV (Sentinel Parvovirus) instead of MPV?  
•• Sentinel results are false positiveSentinel results are false positive

•• Laboratory ErrorLaboratory Error
•• Infection of sentinels from extraneous sourcesInfection of sentinels from extraneous sources

•• Low prevalence of infectionLow prevalence of infection
•• Husbandry, e.g., microisolation cages in ventilated Husbandry, e.g., microisolation cages in ventilated 

racksracks
•• Study animals less susceptible to infection than Study animals less susceptible to infection than 

sentinelssentinels



MPV Surveillance: Sentinels SeroMPV Surveillance: Sentinels Sero-- or or 
PCRPCR--Positive, but Study Mice NegativePositive, but Study Mice Negative

•• Study animals less susceptible to Study animals less susceptible to 
infection than sentinelsinfection than sentinels
•• Genetically modified mice are often on a Genetically modified mice are often on a 

C57BL/6 backgroundC57BL/6 background
•• The dose of MPV required to infect C57s is The dose of MPV required to infect C57s is 

higher than that for outbred stocks typically higher than that for outbred stocks typically 
used as sentinels, e.g., Swiss Albino CDused as sentinels, e.g., Swiss Albino CD--11

•• ExperienceExperience
•• BesselsenBesselsen et al, Comp. Med.50:498et al, Comp. Med.50:498--502, 2000502, 2000



Quantification of MPVQuantification of MPV--1 Susceptibility of C57s 1 Susceptibility of C57s 
visvis--àà--vis BALB/c (Pritchett et al, AALAS 2006)vis BALB/c (Pritchett et al, AALAS 2006)

•• C57BL/6 mice are resistantC57BL/6 mice are resistant
•• 10 to 100 times more MPV10 to 100 times more MPV--1 1 

is required to infect C57 is required to infect C57 
than BALB/c Micethan BALB/c Mice

•• When infected, C57s When infected, C57s 
become both PCR and become both PCR and 
seropositiveseropositive

•• Do not use C57s as Do not use C57s as 
serology sentinelsserology sentinels

Titer
Route Strain ELISA PCR

Gavage BALB/c 3.2 3.2
C57BL/6 1.2 1.5
∆ ID50 2.0 1.7

IP BALB/c 2.7 2.7
C57BL/6 1.7 1.7
∆ ID50 1.0 1.0



MNV SurveillanceMNV Surveillance
•• SerologySerology

•• ELISA/MFIA: MNVELISA/MFIA: MNV--1 virions, recombinant VP1 virions, recombinant VP--11
•• IFA: MNVIFA: MNV--1, cell culture adapted field isolate1, cell culture adapted field isolate

•• PCRPCR
•• Nonstructural gene sequence: Polymerase, Nonstructural gene sequence: Polymerase, 

NTPaseNTPase
•• ORF1/ORF2ORF1/ORF2

•• Because MNV isolates are so Because MNV isolates are so 
heterogeneous, finding are sufficiently heterogeneous, finding are sufficiently 
conserved assay target is difficultconserved assay target is difficult



58 11570 80 90 100(58)
TTTGGCATGGACAATGTGGTGAAGGATGCACTGCGGCTGCAGATGCTCGCCGACACAT19407-5_MNV consensus (58)
TTTGGCATGGACAACGTGGTGAAGGATGCACTGCGGCTGCAGATGCTTGCTGACACGT19404-8_MNV Consensus (58)
TTCGGCATGGATAACGTGGTGAAGGATGCACTGCGGCTGCAGATGCTTGCCGACACAT19405-2_MNV consensus (58)
TTTGGCATGGACAATGTGGTGAAGGATGCACTGCGGCTGCAGATGCTTGCTGACACCTMNV PVA (58)
TTCGGCATGGACAACGTGGTGAAGGATGCACTGAGGCTTCAGATGCTTGCCGACACGTMNV-1 AY228235 (58)
TTTGGCATGGACAACGTGGTGAAGGATGCACTGCGGCTGCAGATGCTTGCTGACACGT19404-2_MNV consensus (58)
TTCGGCATGGACAACGTGGTGAAAGACGCGCTGAGGCTTCAGATGCTTGCCGACACGT19404-4_MNV consensus (58)
TTTGGCATGGACAATGTGGTGAAGGATGCACTGCGGCTGCAGATGCTCGCCGACACAT19407-2_MNV consensus (58)
TTTGGCATGGATAATGTGGTGAAGGACGCTCTGCGGCTGCAGATGCTTGCCGACACAT405-3-1_M13 with primers (1)
TTTGGCATGGATAATGTGGTGAAGGACGCTCTGCGGCTGCAGATGCTCGCCGACACAT053-15-2_M13 with primers (1)
TTTGGCATGGACAATGTGGTGAAGGACGCTCTGCGGCTGCAGATGCTCGCCGACACAT053-15-1_M13 with primers (1)
TTTGGCATGGATAATGTGGTGAAGGACGCTCTGCGGCTGCAGATGCTCGCCGACACAT053-69-2_M13 with primers (1)
TTCGGCATGGATAATGTGGTGAAGGATGCGCTGCGGCTACAGATGCTTGCTGACACCT406-1-2_M13 with Primer (1)
TTTGGCATGGACAATGTGGTGAAGGACGCTCTGCGGCTGCAGATGCTTGCCGACACAT406-4-1_M13 with primers (1)
TTTGGCATGGATAATGTGGTGAAGGATGCGCTGCGGCTACAGATGCTTGCTGACACCT406-7-1_M13 with primers (1)
TTTGGCATGGACAATGTGGTGAAGGATGCGCTGCGGCTACAGATGCTTGCCGACACAT406-7-2_M13 with primer (1)
TTCGGCATGGATAATGTGGTGAAGGATGCGCTGCGGCTACAGATGCTCGCCGACACAT406-1-1_M13 with Primer (1)

Same 
Isolators

Same 
Cage

MNV PCRMNV PCR
•• ““ConservedConserved”” nonstructural nonstructural NTPaseNTPase gene sequence gene sequence 

initially targeted for PCR: initially targeted for PCR: 17 variants in 3 
months

F R
P



MNV PCR: ORF1/ORF2 JunctionMNV PCR: ORF1/ORF2 Junction
• Current Charles River TaqMan PCR

• Use since12/2005 
• Now based on 44 variants

5055 51905060 5070 5080 5090 5100 5110 5120 5130 5140 5150 5160 5170 5180(5055)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCTCGGCTCTTGCCGCCCCCCR10P2(5052)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCATTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCTCGGCTCTTGCCGCCCCCCR11P2(5052)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCTCGGCTCTTGCCGCCCCCCR13P2(5052)
TTTGTGAATGAGGATGAGTGATGGCGCAACGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCCR15P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAACGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCCR17P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAGAGCCAACGGCTCTGAAGCCAGTGGTCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGGCTCTTGCCGCCCCCCR1P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAGAGCCAACGGCTCTGAAGCCAGTGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGGCTCTTGCCGCCCCCCR5P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGGCTCTTGCCGCCCCCCR4P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAGCGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCCR3P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGTGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGTCTATTGCCGCCCCCCR18P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAAGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGGCTCTTGCCGCCCCCCR6P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCCR7P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAGGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAGCAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCWU11P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAGCAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCWU26P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGTTCTGAAGCCAGCGGCCAGGATTTTGTTCCTGCCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCWU12P2(5052)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCATCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCWU20P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCATCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCWU22P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCATCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCWU21P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCATCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCWU24P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCWU23P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCWU25P2(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGGCTCTTGCCGCCCCCMNV2 DQ223041(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMNV3 DQ223042(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGGCTCTTGCCGCCCCCMNV4 DQ223043(5049)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCTCGGCTCTTGCCGCCCCCMNVCR13A 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAACGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMNVCR17A 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAACGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMNVCR15A 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAACGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMNVCR15B 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGGCTCTTGCCGCCCCCMNVCR4B 4870-5346 (138)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAGAGCCAACGGCTCTGAAGCCAGTGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGGCTCTTGCCGCCCCCMNVCR5A 4870-5346 (163)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAGCGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMPVCR3BF 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAGCGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMPVCR3A 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGGCTCTTGCCGCCCCCMNVCR4A 4870-5346 (138)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMNVCR9AF 4870-5346 (143)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMNVCR9B 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTGCCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMNVCR7A 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAGCAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMNVCR1 4870-5346 (166)
TTTGTGAATGAGGATGAGTGATGGCGCAGTGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGTCTATTGCCGCCCCCMNVCR18A 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTTTGAAGCCAGCGGCCCGGATTTTGTTCTTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGTCTATTGCCGCCCCCMNVCR18B 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGTCTCTTGCCGCCCCCMNVCR6B 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGTGCGTCTCTTGCCGCCCCCMNVCR6AF 4870-5346 (137)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCTCGGCTCTTGCCGCCCCCMNVCR11A 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAGCAGGCCGTCCCCATTCAGCCCGTGGCTGGCGCGGCTCTTGCCGCCCCCMNVCR1K 4870-5346 (164)
TTTGTGAATGAGGATGAGTGATGGCGCAGCGCCAAAAGCCAACGGCTCTGAAGCCAGCGGCCAGGATCTTGTTCCTACCGCCGTTGAACAGGCCGTCCCCATTCAGCCCGTGGCTGGCTCGGCTCTTGCCGCCCCCMNVCR13B 4870-5346 (164)

4919 50544930 4940 4950 4960 4970 4980 4990 5000 5010 5020 5030 5040(4919)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTCGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR10P2(4916)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTCGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR11P2(4916)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTCGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR13P2(4916)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCACAGTGGGATAGAGATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR15P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCACAGTGGGATAGAGATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACGATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR17P2(4913)
GACTGTGGCTTCCCGTGTTTCCAAGGAGGCCGCCCAAAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR1P2(4913)
GACTGTGGCTTCCCGTGTTTCCAAGGAGGCCGCCCAAAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR5P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR4P2(4913)
GGCTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR3P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAGATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR18P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR6P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCCR7P2(4913)
GACTGTGGCTTCCCGGGTCTCTAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCWU11P2(4913)
GACTGTGGCTTCCCGGGTCTCTAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCWU26P2(4913)
GACTGTGGCTTCCCGGGTCTCTAGAGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTCCTGCGCTGGGTGCGCTTTGGGACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCWU12P2(4916)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCWU20P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCWU22P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCWU21P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCWU24P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCWU23P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCWU25P2(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNV2 DQ223041(4913)
GACTGTTGCTTCCCGGGTCTCCAAGGAAGCAGCCCAGAGTGGGATAGAGATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNV3 DQ223042(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNV4 DQ223043(4913)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTCGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR13A 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCACAGTGGGATAGAGATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACGATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR17A 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCACAGTGGGATAGAGATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR15A 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCACAGTGGGATAGAGATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR15B 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR4B 4870-5346 (2)
GACTGTGGCTTCCCGTGTTTCCAAGGAGGCCGCCCAAAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR5A 4870-5346 (27)
GGCTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTTCCACGCCACCGGTCTGTTGTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMPVCR3BF 4870-5346 (28)
GGCTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMPVCR3A 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR4A 4870-5346 (2)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR9AF 4870-5346 (7)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCAGAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR9B 4870-5346 (28)
GGATGTGGCTTCCCGGGTCTTCAAGGAGGCTGCCCAGAGTGGGATAGAAATGGTGGTTCCACGCCACCGGTCTGTTGTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR7A 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR1 4870-5346 (30)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAGATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR18A 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAGATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR18B 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR6B 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR6AF 4870-5346 (1)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTCGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR11A 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGATCTGTTCTGCGCTGGGTGCGCTTTGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR1K 4870-5346 (28)
GACTGTGGCTTCCCGGGTCTCCAAGGAGGCCGCCCATAGTGGGATAGAAATGGTGGTCCCACGCCACCGGTCTGTCCTGCGCTGGGTGCGCTTCGGAACAATGGATGCTGAGACCCCGCAGGAACGCTCAGCAGTCMNVCR13B 4870-5346 (28)
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MNV SerologyMNV Serology

•• rVP1 for ELISA/MFIArVP1 for ELISA/MFIA
•• Appears to be broadly reactive: Hsu et al. Appears to be broadly reactive: Hsu et al. 

(Comp. Med. 2006) demonstrated cross(Comp. Med. 2006) demonstrated cross--
reactivity between three field isolates and reactivity between three field isolates and 
MNVMNV--11

•• Selected the Selected the ““middle of the roadmiddle of the road”” MNV MNV 
variant for Charles River rVP1variant for Charles River rVP1

•• IFA: MNVIFA: MNV--1 WU1 WU--11field isolate11field isolate



Serum Antibody Response to 5 MNV Field Isolates: Serum Antibody Response to 5 MNV Field Isolates: 
Conventional versus Recombinant Antigen ELISAConventional versus Recombinant Antigen ELISA

Net Score
MNV-CR1a rVP1 Conventional MNV-1

MNV # Positive Net Positive Net
Isolate Tested # % Score # % Score

1 4 4 100% 13.6 0 0% 1.3
2 4 4 100% 12.4 0 0% 1.4
3 4 4 100% 13.0 0 0% 0.8
4 4 4 100% 11.2 1 25% 1.2
5 4 4 100% 11.3 2 50% 3.5

MNV-1 4 2 50% 5.6 1 25% 0.8
All 24 22 92% 11.2 4 17% 1.5

*Serum was prepared from collected 5 weeks post-inoculation from 4 
mice per isolate, including 2 BALB/c and 2 CD-1 mice



Serologic Response of CDSerologic Response of CD--1 and BALB/c Mice to 5 MNV 1 and BALB/c Mice to 5 MNV 
Field Isolates by ELISA, MFIA and IFAField Isolates by ELISA, MFIA and IFA

CD-1 BALB/c
MNV Score Score
Isolate N ELISA MFIA IFA N ELISA MFIA IFA

1 4 21.7 20.7 3.8 4 15.2 17.0 3.5
2 4 21.6 23.2 3.8 4 17.3 17.2 3.0
3 4 22.0 21.8 3.3 3 15.7 15.2 3.0
4 4 21.9 23.2 3.3 4 12.7 13.8 2.0
5 4 21.7 21.8 3.8 4 15.0 13.6 2.5

MNV-1 4 19.8 22.9 3.8 4 13.5 14.8 2.0
All 24 21.4 22.3 3.6 23 14.9 15.3 2.7



MNV Surveillance: Sentinels go from MNV Surveillance: Sentinels go from 
SeroSero/PCR/PCR--Positive to NegativePositive to Negative

•• Initial results falseInitial results false--positivepositive
•• Sampling ErrorSampling Error
•• Laboratory ErrorLaboratory Error

•• Results are falseResults are false--negativenegative
•• Sampling ErrorSampling Error
•• Laboratory ErrorLaboratory Error
•• Loss of Assay SensitivityLoss of Assay Sensitivity



MNV Surveillance: Sentinels MNV Surveillance: Sentinels 
Serology/PCRSerology/PCR--Positive to NegativePositive to Negative
•• Loss of assay sensitivity due to antigen Loss of assay sensitivity due to antigen 

instabilityinstability
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Effect of Coupling Conditions on Stability of 
Recombinant MNV VP1 MFIA

Effect of MNV-Bead Lot on  MFIA Scores for 
Temporally Sampled Sentinels*

Sampling Antigen MFIA Score
Date Bead Lot S1 S2

17-Nov-06 1 3 19
1 3 1
2 11 7

*S1 and S2

9-Jan-07



MNV Surveillance: Sentinels MNV Surveillance: Sentinels 
Serology/PCRSerology/PCR--Positive to NegativePositive to Negative

•• Not exposed to Not exposed to 
infectious dose of infectious dose of 
virusvirus
•• Soiled bedding not Soiled bedding not 

transferredtransferred
•• Principal mice no Principal mice no 

longer contagious longer contagious 
even though fecal even though fecal 
PCR +PCR +

Disparity Between Sentinel Groups

Sentinels Principals
Month Group MFIA PCR MFIA PCR

0 1 + + + +
3 2 - - +

Lack of Transmission from 
Experimentally Infected Mice



Prevention and Detection of Adventitious Prevention and Detection of Adventitious 
MPV and MNV InfectionsMPV and MNV Infections: : SummarySummary

•• Adventitious infections of SPF lab rodent Adventitious infections of SPF lab rodent 
models, even if asymptomatic, can alter and models, even if asymptomatic, can alter and 
confound research findingsconfound research findings

•• Advances in biosecurity practices have dramatically Advances in biosecurity practices have dramatically 
reduced the prevalence of once common reduced the prevalence of once common 
adventitious agentsadventitious agents

•• MPV and MNV, however, continue to be prevalent MPV and MNV, however, continue to be prevalent 
because:because:

•• They were recently discoveredThey were recently discovered
•• Produce asymptomatic, persistent infections of miceProduce asymptomatic, persistent infections of mice
•• Are resistant to disinfection because of their Are resistant to disinfection because of their 

physicochemical characteristics physicochemical characteristics 



Prevention and Detection of Adventitious Prevention and Detection of Adventitious 
MPV and MNV InfectionsMPV and MNV Infections: : SummarySummary

•• As infections of mice with these agents are As infections of mice with these agents are 
asymptomatic, monitoring requires asymptomatic, monitoring requires 
laboratory testing by Serology and PCRlaboratory testing by Serology and PCR

•• Colony test results may be inconsistent due Colony test results may be inconsistent due 
to:to:
•• Sampling Error:Sampling Error: Inadequate exposure of Inadequate exposure of 

sentinels sentinels 
•• Laboratory Error:Laboratory Error: AssayAssay-- or operatoror operator--relatedrelated
•• Pathobiology of VirusPathobiology of Virus

•• Convalescent mice may not be contagiousConvalescent mice may not be contagious
•• Differences in susceptibility to infection between Differences in susceptibility to infection between 

sentinel and principal mice sentinel and principal mice 
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