
Detection of Norovirus GI/GII from food







What is Norovirus?What is Norovirus?

 NorovirusNorovirus isis an RNA virus which causes approximately an RNA virus which causes approximately 
90% of epidemic non90% of epidemic non--bacterial outbreaks of bacterial outbreaks of 
gastroenteritis around the world.gastroenteritis around the world.

 NV is responsible for more NV is responsible for more foodbornfoodborn outbreaks than outbreaks than 
any another other any another other foodbornfoodborn pathogen.pathogen.

 Symptoms causing acute gastroenteritis develops Symptoms causing acute gastroenteritis develops 
between 24 and 48 hours after exposure, and lasts for between 24 and 48 hours after exposure, and lasts for 
2424––60 hours. 60 hours. 

 Nausea, vomiting, diarrhea, and abdominal pain; and Nausea, vomiting, diarrhea, and abdominal pain; and 
in some cases, loss of taste. General lethargy, in some cases, loss of taste. General lethargy, 
weakness, muscle aches, headache, and lowweakness, muscle aches, headache, and low--grade grade 
fever may occur. fever may occur. 





Means of transmissionMeans of transmission



Virus structureVirus structure

 Positive sense RNA genome ~7.5 KbPositive sense RNA genome ~7.5 Kb
 5 5 GenogroupsGenogroups
 Virus is between 27Virus is between 27--38nm in size38nm in size



Why is it difficult to detect Why is it difficult to detect 
NoroviusNorovius in foods?in foods?

 No preNo pre--enrichment for enrichment for 
NorovirusNorovirus...you get what is there....you get what is there.

 Low viral titers and low infectious Low viral titers and low infectious 
dose.dose.

 Viral recovery is complicated by the Viral recovery is complicated by the 
food matrices.food matrices.

 Inhibitors may be present.Inhibitors may be present.



MethodsMethods
 PEG extractionPEG extraction
 UltracentrifugationUltracentrifugation
 UltrafiltrationUltrafiltration
 FlocculationFlocculation
 ImmunocaptureImmunocapture methodsmethods

Our goal is to develop a simple non-toxic 
method of viral capture and detection, from 
foods, that could be automated.



Why beads?Why beads?
 Beads concentrate Beads concentrate 

target and select target and select 
against matrix and against matrix and 
inhibitors.inhibitors.

 PMB can be PMB can be 
collected by collected by 
centrifugation or centrifugation or 
magnet.magnet.

 Can easily modify Can easily modify 
them for different them for different 
applications.applications.

 They can be cost They can be cost 
effective.effective.



How beads workHow beads work
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Beads are a tested technologyBeads are a tested technology

 Numerous commercially available Numerous commercially available ImmunoImmuno
capture beads do exist for bacteria (capture beads do exist for bacteria (DynalDynal, , 
PathatrixPathatrix, Pierce)., Pierce).

 These beads are antibody based and are target These beads are antibody based and are target 
specific.specific.

 Charged beads are not target specific and utilize Charged beads are not target specific and utilize 
charge to capture a number of different viral charge to capture a number of different viral 
targets.targets.

 Charged beads are attractive for viral capture Charged beads are attractive for viral capture 
due to the small size of viruses.due to the small size of viruses.



Bead performance: strategyBead performance: strategy

 Test beads in a clean systemTest beads in a clean system
 Compare beads with commercially Compare beads with commercially 

available CAT (cationic) beadsavailable CAT (cationic) beads
 Test beads in various food matricesTest beads in various food matrices
 Evaluate sensitivityEvaluate sensitivity
 Make assay amendable for automationMake assay amendable for automation



ObjectiveObjective
 Our objective was to couple the use of charged Our objective was to couple the use of charged 

magnetic beads for the capture of magnetic beads for the capture of norovirusnorovirus with the with the 
Pathatrix RIMS system.  Pathatrix RIMS system.  



Modified objectiveModified objective
 PathatrixPathatrix unit can have a high degree of bead loss and are not ideal.unit can have a high degree of bead loss and are not ideal.
 Matrix has since modified there units to reMatrix has since modified there units to re--circulate a 10% sample circulate a 10% sample 

repeated over a dual magnet system in a total volume of 50ml.  repeated over a dual magnet system in a total volume of 50ml.  

 Based on this, we tested  50ul of charged beads to a 10% food Based on this, we tested  50ul of charged beads to a 10% food 
matrices solution in a total volume of 50ml. Beads are simply rematrices solution in a total volume of 50ml. Beads are simply recovered covered 
by centrifugation or magnetic capture.by centrifugation or magnetic capture.

 Beads are then removed, washed, processed and RNA is extracted Beads are then removed, washed, processed and RNA is extracted 
from the sample for RTfrom the sample for RT--PCR.PCR.



PEI beadsPEI beads

 PEI (polyethyleneimine) conjugated PEI (polyethyleneimine) conjugated 
magnetic beads have a strong cationic magnetic beads have a strong cationic 
charge under subcharge under sub--acidic conditions.acidic conditions.

 Beads have been reported to bind an Beads have been reported to bind an 
number of different viruses including HAV, number of different viruses including HAV, 
HCV, and Herpes simplex virusHCV, and Herpes simplex virus



PEI beadsPEI beads
 The virus adsorption mechanism of the The virus adsorption mechanism of the 

PEI beads is unclear. PEI beads is unclear. 
 It is speculated the branching structure It is speculated the branching structure 

and positively charged field of the PEI and positively charged field of the PEI 
molecule may strongly interact with the molecule may strongly interact with the 
negatively charged surface lipids or negatively charged surface lipids or 
proteins on the virus. proteins on the virus. 

 May have an advantage over immunoMay have an advantage over immuno--
based capture in that it is not limited to a based capture in that it is not limited to a 
single virus type and be used to detect single virus type and be used to detect 
multiple types of viruses that may be multiple types of viruses that may be 
present in a single sample.present in a single sample.



Test of bead binding with GI and GII Test of bead binding with GI and GII 
Norovirus in different volumesNorovirus in different volumes

Tested beads capture ability of GI and GII in different volumes Tested beads capture ability of GI and GII in different volumes 1ml, and 100ml  1ml, and 100ml  
Ct values ranged from 18.8Ct values ranged from 18.8-- 25.825.8
GII spike ~ 1X10GII spike ~ 1X1055 and GI spike ~ 3.1X10and GI spike ~ 3.1X1044

Experiments determined that 50ul of bead suspension is optimalExperiments determined that 50ul of bead suspension is optimal

GII +
GII 1ml
GI 1 ml

GII 100ml

GI 100ml



Comparison of PEI and the Pathatrix CAT beadComparison of PEI and the Pathatrix CAT bead
 In this study we have been comparing Pathatrix CAT beads vs the In this study we have been comparing Pathatrix CAT beads vs the 

PEI beads.  CAT beads were used as our reference performance PEI beads.  CAT beads were used as our reference performance 
standard.standard.

 CAT beads are cationically charged like PEI.  The charged agent CAT beads are cationically charged like PEI.  The charged agent is is 
proprietary. CAT beads are currently marketed for viral capture.proprietary. CAT beads are currently marketed for viral capture.

Cat vs PEI bead in 100ml                                    Cat vs PEI bead in 250ml

PEI

CAT
GI RNA

Spike
d G

I CAT

PEI
GI RNA



Performance is very similar in most situations and food Performance is very similar in most situations and food 
matrices tested (oysters, mussels, potato salad and coleslaw)matrices tested (oysters, mussels, potato salad and coleslaw)

 PEI beads need to have a short PK treatment to cleave PEI beads need to have a short PK treatment to cleave 
captured virus off the beads.  captured virus off the beads.  PathatrixPathatrix CAT beads do not. CAT beads do not. 

 PEI beads are preferred since we can make and modify the PEI beads are preferred since we can make and modify the 
beads inbeads in--house and they are very cost effective.house and they are very cost effective.

CAT

PEI

PEI vs CAT bead binding of GI in oyster cecum

GI RNA



Basic protocol most foodsBasic protocol most foods
Homogenized

sample
Add beads
incubate

Collect 
beads

Wash 
beads

Pk treatmentFree virus





Dilution series of Dilution series of NoroNoro GII in GII in CecumCecum

In oyster dilution series from 5x104 to 1x103 viral particles seeded.
Could detect norovirus at the 5x103 level or 100 viral particles/ml.

GII RNA



Test Test YaquinaYaquina Bay OysterBay Oyster Outbreak, 2010Outbreak, 2010
Newport, ORNewport, OR

GII RNA

Spike control

6 dozen oysters were tested.  No positive oysters were 
detected by our assay or by the FDA in Dauphin Island, AL



Matrices testedMatrices tested
Matrices Detected? Ct range 
mBPW Yes 21.1-24.8 
Water Yes 22.3-.8 
Milk 100% No - 
Milk 10% Yes 23.7 
Similac (infant 
formula) 

Yes 29.7 

Whole oyster Yes 26.4-.6 
Oyster cecum Yes 23.8-30.5 
Mussels Yes 26.9 
Coleslaw Yes 26.0-.3 
Potato salad Yes 26.2-3 
Leaf lettuce Yes 25.8 
Strawberry Yes 24.4-27.5 
Raspberry Yes 22.3-25.7 
 



Berries were challengingBerries were challenging

 Standard homogenization methods do not Standard homogenization methods do not 
work well.work well.

 Maceration, blending, freezing/thaw, Maceration, blending, freezing/thaw, 
enzymatic treatments of the berries was enzymatic treatments of the berries was 
also tested.also tested.

 Virus seems to get trapped in the fruit pulp Virus seems to get trapped in the fruit pulp 
and lost.and lost.

 SoSo……dondon’’t make fruit pulp!  Wash the virus t make fruit pulp!  Wash the virus 
off the fruit surface.  This strategy worked off the fruit surface.  This strategy worked 
well!well!



Modified protocol for berriesModified protocol for berries
Add beads
incubate

Collect 
beads

Wash 
beads

Wash berries Remove wash
buffer10g/50ml

150g/250ml

mBPWp with 0.05%
Tergitol (NP-7)



Spike dilution series in strawberrySpike dilution series in strawberry

Detection of Norovirus GII seeded at 5X104, 1X104, 5X103, 1x103

or 1000, 200, 100 and 20 viral particles per ml



Test in strawberry:Test in strawberry: Will it work in a large real Will it work in a large real 
world scenario?world scenario?

Tested the detection by seeding one berry with 2X104 viral particles. 
150g for non-seeded strawberry in 250ml of wash buffer. (80 particles/ml)

G II RNA

Spiked 
Strawberry



SummarySummary

 Pleasantly surprised with the performance of the Pleasantly surprised with the performance of the 
beads.beads.

 Worked well in all 12 matrices tested.Worked well in all 12 matrices tested.
 Effective method of concentrating virus and Effective method of concentrating virus and 

removing inhibitorsremoving inhibitors
 Protocol is simple/no specialized equipmentProtocol is simple/no specialized equipment
 Easy to make and are very stableEasy to make and are very stable
 Cost effectiveCost effective
 Could be automated or coupled with existing Could be automated or coupled with existing 

beads based systemsbeads based systems
 Can easily be used to test for other viruses.Can easily be used to test for other viruses.



So where do we go from here?So where do we go from here?

 So far I have tested the breadth of the assay So far I have tested the breadth of the assay 
against a variety of foods that are likely to be against a variety of foods that are likely to be 
contaminated with Norovirus.contaminated with Norovirus.

 Need to establish sensitivities of the assay in Need to establish sensitivities of the assay in 
different matrices.different matrices.

 Need to test naturally contaminated samples Need to test naturally contaminated samples 
when possible.when possible.

 Begin investigating how well the developed Begin investigating how well the developed 
assays work with Hepatitis A.assays work with Hepatitis A.

 Couple with new Couple with new PathatrixPathatrix system. Could save a system. Could save a 
lot of time.lot of time.
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