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Short Abstract: 
Screening  for  Norovirus in stool samples   by a real-time RT-PCR, which takes advantage of the specificity of Norovirus  genome frame junction region,  was followed by  a genotyping  method  based  on variability in the capsid gene  allowed us to  identify  Norovirus  of  genogroups I and II,  the main genogropups   affecting humans.

Long Abstract: 
Norovirus (NoV) is an important cause of acute gastroenteritis in young children.  Norovirus genogroups I and II are the main genogroups that affect humans, each comprising many genotypes.  Screening and genotyping of NoV were carried out from stool samples from children living in a peri-urban community in Lima, Peru. Since knowledge on NoV infections in Peru is limited, knowing the frequency and type of NoV infections in a cohort study would allow us to obtain baseline information on this important virus. 
A total of 1000 stool samples obtained from a community based- epidemiology study were screened for presence of NoV. We used  real time RT-PCR with specific GI and GII TaqMan  probes that  target the open reading frame 1 (ORF1)-ORF2 junction region of NoV genome.
 Sequences from the N-terminal and shell (N/S) region in the capsid region of NoV genome were amplified by conventional RT-PCR for specific GI and GII genotype analysis by sequencing and further phylogenetic analysis.

The screening yielded a total of 14.3%  NoV, of which, 1.8% were GI, and 12.5%  were GII and 0.4%  were co-infections of GI and GII.  Genotyping by nucleotide sequencing analysis of the N/S region in the capsid gene revealed three genotypes of genogroup GI (GI.3, GI.5, and an unidentified cluster) and four genotypes of  genogroup GII (GII.3, GII.4, GII.6, and an unidentified cluster). 

The frequency of NoV in the community under study was 14.3% of which 55.7% were of genogroup II.  Genotyping revealed that at least six genotypes of each genogroup with unidentified clusters of each genogroup circulated in the community. 
Protocol Text: 
1. Stool samples. In 2007 and 2008, the stool samples were collected from Pampas of San Juan de Miraflores, Lima, from children under two years old, who were with or without diarrhea; samples were stored at -70°C until their processing.
Processing of stool samples Preparation of fecal samples in PBS
1.1) Prepare the stool sample in 1X PBS

1.1.a) Formed (solid): 100 mg stool + 900 µl 1x PBS

1.1.b) Not formed (liquid): 100 µl stool + 900 µl 1x PBS

1.2) vortex well and centrifuge at 3 000 xg (4,000 rpm) for 5 minutes at 4 °C to clear the sample
1.3) carefully removes the supernatant and place in a new 1.5 ml microcentrifuge tube.
Avoid repeated freezing and thawing of specimens repeatedly
2. Extraction of viral RNA.  We used the QIAamp™ Viral RNa Kit  (cat# 529046) that contains minispin columns, 2ml collection tubes, buffers (AVL, AVE), concentrated buffers (AW1, AW2) and  lyophilized carrier RNA. 
2.2.). Pipet 560 µl of  Buffer AVL with previously dissolved carrier RNA into a 1.5ml  tube, add 140 µl of diluted  stool, incubate at RT for 10 minutes.
2.3.) Briefly centrifuge the tube to remove drops from the inside of the lid. Then add 560 of etanhol (96-100%) to the sample and mix by pulse-vortexing for 15s.
2.4.)  Carefully apply 630 µl of the solution to the spin column, into a 2 ml collection tube, without wetting the rim.
2.5.) Centrifuge at 6.000 x g for 1 minute then place the spin column into a clean 2 ml tube and discard the tube with the filtrate. Repeat steps 1.4 and 1.5 until the entire sample has been processed.

2.6.) Add 500 µl of buffer AW1 and centrifuge at 6.000 x g for 1 minute, discard the tube with the filtrate. Then add 500 µl of buffer AW2 and centrifuge at full speed (200.000 x g) for 3 minutes

2.7.) Place the column in a new collection tube (not provided) and discard the old collection tube with the filtrate.

2.8.) Place spin column in a clean 1.5 ml microcentrifuge tube 
2.9.) Add 60µl of AVE buffer and centrifuge at 6,000 xg (8,000 rpm) for 1 minute. Store viral RNA at -80°C in 20µl aliquots.
3.) Screening of NoV  in extracted RNA by One-step real time RT-PCR with specific Taqman probes  
Norovirus detection  of genogroup I and II was carried out  according to the method  described by Kageyama et al  (2003), that amplify sequences in the  ORF1-ORF2 junction, a highly conserved region of Norovirus genome. (Figure 01)
Instrument: Applied Biosystems StepOne™ and StepOnePlus™ Real Time PCR Systems with the Quantitec template.
Methodology 
Initially, positive controls and standards with concentration of 300µg/µl and 500µg/µl respectly were provided by National Calicivirus Laboratory Center for Disease Control and Prevention (CDC).
3.1) Prepare Norovirus GI and GII Qiagen Quantitec master mix (cat# 204443) (Table 01)
3.2) Aliquot 20 µl of the appropriate master mix to each reaction tube,
3.3) Add 5 µl of DEPC-treated water to each negative control tube.  Add 5 µl of GI and GII positive control RNA to appropriate tubes, and 5µl of undiluted RNA to the corresponding reaction tube.

3.4) Run 25 µl reactions using a thermal profile (Table 02).

3.5) Analysis of results

4.) Sequencing NoV GI and GII samples 
For genotyping, first GI and GII samples was detected by the above screening method. Using primers GI SKF/SKR and G2 SKF/SKR, which have been described by Kojima (2002), a highly conserved region of Norovirus capsid.

Instrument: Termocicler MJR Peltier.

Methodology:
This process is conducted in three parts. First, performing conventional RT-PCR. Next, perform electrophesis to confirm if there is NoV. Lastly, these products are sent to Macrogen Company for proper purification and sequencing. The process is detailed below.

4.2.) Prepare Norovirus GI and GII, Qiagen One-Step RT-PCR master mix (cat# 210212) (Table 03)
4.3.) Aliquot 45 µl of appropriate master mix to each 0.2ml reaction tube,
4.4.) Add 5µl of DEPC-treated water to each negative control tube, and 5µl of pre-screened, Norovirus (GI and/or GII) positive RNA to the corresponding reaction tube.

4.5.) Run 50 µl reactions using the thermal profile (Table 04) 
4.6.) Remove the tubes from the thremocycler and store at 4°C for electrophoresis

Electrophoresis in agarose ultrapure gel 2%: 
4.7.) Add 2 gr. of ultrapure agarose to 100ml 1xTBE

4.8.) Heat for 2-4 minutes

4.9.) Cool at room temperature, add 5µl ethidium bromide.

4.10) Place the gel on the camera slowly to avoid bubbles, add the combs and allow it to set for 20-30 minutes
4.11) prepare the RT-PCR products (before entering the electrophoresis chamber). Using parafim, carefully place 5µl unpurified product and then store the tubes at 4°C.
4.12) Entering the electrophoresis chamber, add 5µl cresol red into prepared RT-PCR and load into gel wells

4.13) Load 5 µl to the 100 bp ladder at the end well
4.14) Run gel at 90volts for about 45 to 60 minutes.
Representative results: An example of RT-PCR real time analysis of stool samples from children under two years-old is show below. First, the detection limit of copies of the TaqMan RT-PCR standard curves was determined. After a careful statistical analysis, it was for detection of the unknown samples. The threshold for a sample to be considered positive was set at less than 37 CN for GI and less than 39 CN for GII (CN=Ct) (Number of cycles). No cross reaction was observed between GI and GII when using the standard transcripts. 
A sample was considered positive if the number of cycles (CN) was less than 39 cycles and the control of the reaction gave the expected values. According to the values of the standards, controls positives for GI were less than 27 CN and less than 18 CN for GII.  This TaqMan RT-PCR test was reproducible because the CNs of known samples showed minimal variation in the CN as well as the level of fluorescence (Figure 01)
Norovirus positive samples from the screening using the ORF1-ORF2 junction target were subsequently used in   conventional RT-PCR. N-terminal/shell domain was amplified (N/S) in the region of the capsid. These samples showed values between 20 and 33 cycles; the 5 remaining samples showed 35-38 cycles. They were not used for sequencing because the samples could not be amplified for conventional RT-PCR. (Figure 02)
Tables and Figures: 
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Figure 01 Detection of genogroup I (A) and genogroup II (B) of Norovirus using the TaqMan Reverse Transcriptase-PCR for detection of the region ORF1-ORF2 of Norovirus in fecal samples.
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Figure 02 Positive stool samples TaqMan RT-PCR were subsequently processed to amplify N-terminal / Shell domain (N/S) in the region of the capsid for GI and GII.  M: positive stool sample for TaqMan RT-PCR. [1-4]: stool samples positives for GI, [5-8] stool samples positive for GII; M: 100 bp marker; H2O: water.
Table 01: Qiagen Quantitect master mix for screening GI and GII 
	Master Mix 
	Final Conc
	Volume (μl)
	Number
	Final Volume

	DEPC H20
	-
	5.250
	1.0
	5.250

	Quantitect RT-PCR Master Mix
	1x
	12.500
	1.0
	12.500

	RT Mix
	1x
	0.250
	1.0
	0.250

	RNAse Inhibitor
	20U/μl
	0.500
	1.0
	0.500

	50uM Cog R primer
	1uM
	0.500
	1.0
	0.500

	50uM Cog F primer
	1uM
	0.500
	1.0
	0.500


	10uM Ring probe
	.1uM
	0.500
	1.0
	0.500

	
	
	20
	
	20.000


Table 02: Thermal profile for real time RT-PCR
	Step
	Time (min)
	Temp (ºC)

	1
	30:00
	50

	2
	15:00
	95

	3
	00:15
	95

	4
	01:00
	60

	5
	Repeat 3-4 45x total.


Table 03: Qiagen One-Step RT-PCR master mix for genotyping GI and GII
	Master Mix 
	Final Conc
	Volume (μl)
	Number
	Final Volume

	DEPC treated H20
	-
	29.500
	1.0
	29.500

	5 X Qiagen RT-PCR Buffer
	1x
	10.000
	1.0
	10.000

	10mM dNTP Mix
	.4 mM
	2.000
	1.0
	2.000

	Enzyme Mix
	-
	2.000
	1.0
	2.000

	40U/ul RNAsin
	20 U/ul
	0.500
	1.0
	0.500

	10uM SKF
	.1 uM
	0.500
	1.0
	0.500

	10uM SKR
	.1 uM
	0.500
	1.0
	0.500

	
	
	45
	
	45


Table 04: Thermal profile for conventional RT-PCR
	Step
	Time (min)
	Temp (ºC)

	1
	60:00
	50

	2
	15:00
	95

	3
	00:30
	94

	4
	00:10
	52

	5
	00:30
	72

	6
	Repeat 3-5 40x total.

	6
	10:00
	72

	7
	Hold at 4ºC.


Discussion: This TaqMan RT-PCR can detect a broad range of Norovirus and has proven useful for routine diagnostic assays because it eliminates post-amplification product processing and thus shortens the turnaround time9. A recent publication of the region C protocol reported genotyping rates of 78%5. Since the diversity of the contemporary Norovirus strains are increasing during the previous years, the success rate will depend on the mismatches of the region C primers in the sequences of the specimens tested. This protocol can be useful for diagnosis as well as for clarifying the epidemiology of Norovirus infections and thus for the public health control of this disease.
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	QIAamp viral RNA Mini Kit (250)
	QIAGEN
	52906
	

	QuantiTec Probe RT-PCR kit (200)
	QIAGEN
	204443
	

	Qiagen One Step RT-PCR Kit (200)
	QIAGEN
	210212
	

	Rnase Inhibitor 2000 units
	A.Biosystems
	N808-0119
	2000 unids/vial

	Non-Stick Rnae-free Microfuge Tubes
	Ambion
	AM12450
	

	Agarose ultrapure 
	SIGMA
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