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This study used histo-blood group antigen-conjugated beads to detect norovirus (NoV) in contaminated
strawberries, green onions, lettuce, and deli ham. In addition, multiple strains of NoV from genogroups I and
II were recovered. This provides an effective protocol for food testing in the investigation of suspected NoV
outbreaks.

Norovirus (NoV) is a leading cause of gastroenteritis out-
breaks in humans. Food-borne outbreaks of NoV are com-
monly caused by shellfish grown in contaminated waters (2) or
ready-to-eat food products contaminated by infected food han-
dlers (4, 5, 7, 17, 21). Methods for the detection of NoV in
foods need to be sensitive due to the low numbers of infectious
particles present in foods (15) and the lack of a routine cell
culture method for amplifying NoV in the laboratory (3, 22).
Real-time reverse transcription (RT)-PCR methods are widely
used for the detection of NoV RNA (11, 12). Since PCR
amplification requires a small sample size and is sensitive to
inhibition, steps are required to extract and concentrate viral
particles from food samples prior to RNA purification. The
complex and varied nature of food products presents a chal-
lenge for the development of extraction procedures.

NoV binds to histo-blood group antigens (HBGA), carbo-
hydrates present on the surface of red blood cells, on the
mucosal epithelium, and in bodily fluids (9, 18). The Norovirus
genus is extremely diverse, and various NoV strains have been
shown to recognize different patterns of HBGA (10, 24). Pre-
liminary work has shown that single strains of NoV can be
captured from water or buffer using porcine gastric mucin (23)
or synthetic HBGA type H1 (1). This report presents a method
to detect NoV contamination of foods based on the interaction
of the virus with HBGA.

For each experiment, the surfaces of four replicate 25-g food
samples were sterilized under UV light for 30 min. Three
samples were inoculated with serially diluted NoV filtrate, and
one was inoculated with phosphate-buffered saline (PBS). In-
ocula were allowed to dry for 30 min at room temperature. A
minimum of three 10-fold serial dilutions of the NoV stock was
tested for each data set. The inoculum level was quantified for
each experiment and varied from 1 to 107 copies due to natural
variability in titer between samples.

Two different types of magnetic beads were prepared by
washing 50 �l of streptavidin-coated magnetic beads (Invitro-
gen, Carlsbad, CA, or Matrix MicroScience Ltd., Newmarket,

United Kingdom) with sterile PBS, mixing them with 10 �g or
1 �g of multivalent biotinylated HBGA type A, B, H(2), or
H(3) (Glycotech, Rockville, MD) for 30 min at room temper-
ature, and washing them again with PBS. The beads were
stored at 4°C until needed.

Samples were transferred to sterile Erlenmeyer flasks or
stomacher bags containing 225 ml of citrate buffer (33 mM
citric acid and 17 mM sodium citrate, pH 4), and 12.5 �l each
of precoated A, B, H(2), and H(3) magnetic beads was added.
The beads were concentrated from the sample using either the
iCropTheBug (Filtaflex, Almonte, ON, Canada) or the Patha-
trix (Matrix MicroScience Ltd.) automated extraction system.
For the iCropTheBug system, Erlenmeyer flasks were mixed
on an orbital shaker (Bel-Art Products, Pequannock, NJ) for
30 min at room temperature. The flasks were transferred to the
IMBCOL (immunomagnetic bead collector), a powerful set-
tling magnet, followed by 10 min on the IMBCON (immuno-
magnetic bead concentrator) vibrating table. The beads were
collected using the IMBPIP (immunomagnetic bead pipette)
and resuspended in 140 �l of PBS. For the Pathatrix system,
the samples and beads were mixed by hand for 1 min and then
added to the Pathatrix machine. The samples were recirculated
for 30 min at room temperature, during which time the beads
were collected on the magnet. The beads were washed with 100
ml PBS and collected in 140 �l PBS.

RNA was extracted from 140-�l samples using the QIAamp
viral RNA kit as described in the manufacturer’s instructions
(Qiagen, Hilden, Germany). Real-time RT-PCRs were per-
formed for genogroup I (GI) and GII norovirus as described
previously, with no-template controls on each plate (11, 12). A
standard curve was generated for GI and GII real-time RT-
PCR assays, using RNA transcripts from a plasmid as de-
scribed previously (16).

NoV detection in food. Tenfold serial dilutions of a GII.4
2006b/Den Haag NoV were concentrated using A-, B-, H(2)-,
and H(3)-conjugated beads and either the iCropTheBug or
Pathatrix system (Table 1). Detection was less sensitive for
most food samples than with experiments in buffer. With the
iCropTheBug system, the detection limit for NoV on green
onions remained the same as in buffer (102 copies/250 ml).
Virus was detected on lettuce and deli ham at a minimum
input level of 103 copies/250 ml and on strawberries at 104
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copies/250 ml. The Pathatrix system had a lower minimum
limit of detection (101 copies/250 ml) for lettuce, green onions,
and strawberries than the iCropTheBug system; however, de-
tection using the Pathatrix system was less consistent, with only
one of three samples positive over a wide range of NoV titers.
Virus was not detected in any deli ham sample (101 to 103

copies/250 ml) by the Pathatrix system.
Detection of multiple NoV strains. The combination of A-,

B-, H(2)-, and H(3)-conjugated beads was able to detect all
nine NoV strains tested (Table 2). The iCropTheBug system
detected the strains with a minimum level of detection in the
range of 100 to 102 copies/250 ml. Detection with the Pathatrix
system was more variable, with a minimum level of detection in
the range of 100 to 103 copies/250 ml. One strain, GI.13, was
not detected in the Pathatrix system (Table 2).

This study provides evidence that HBGA-magnetic-capture
methods are fast and efficient for the concentration of NoV.
The procedures successfully extracted NoV particles from sev-
eral different food types. The procedures are compatible with
detection of at least nine NoV strains covering two geno-
groups. Samples were processed, RNA was extracted, and real-
time RT-PCRs were completed in less than 5 h from start to
finish.

Methods used previously to concentrate NoV include ultra-
centrifugation (20), polyethylene glycol precipitation (8, 13),
adsorption/elution (6), and immunomagnetic separation (14,
19). These methods can be time-consuming (polyethylene gly-
col precipitation and adsorption/elution) and strain specific
(immunomagnetic separation). Other methods have been de-
veloped to detect NoV using HBGA-coupled magnetic beads
(1, 23). Porcine gastric mucin and synthetic HBGA type H(1)
conjugated to magnetic beads have been used to capture NoV
from small-volume surface washings or from water samples (1,
23). The work presented here is the first to demonstrate the
use of HBGA-conjugated beads for the extraction of multiple
NoV strains. In addition, the reagents have been tested in
automated concentration systems and with a variety of food
products.

Both magnetic separation systems used in this study concen-
trated NoV from 250 ml to 140 �l. The Pathatrix system was
efficient, allowing multiple samples to run simultaneously.
However, it required the purchase of consumables for each
reaction and the magnetic beads compatible with the system
are a proprietary technology, resulting in a cost of $30 per
sample. The iCropTheBug system was simple to use and com-
patible with multiple bead types, but each flask was processed
individually. Our costs were approximately $8 per sample. The
iCropTheBug system provided more consistent detection of
NoV from food samples.

The methods developed here achieved detection within the
range of the infectious dose for NoV and similar to the best
methods for NoV detection from foods (15, 19). This was
demonstrated for multiple strains and food types (lettuce,
green onion, and strawberries). However, the percent recovery
calculated for each extraction was highly variable (0.005% to
99%), and numerous examples of sporadic detection were ob-
served at lower levels of inoculation. This suggests that our
method is not suitable for quantifying the amount of NoV
present in a sample. The different food matrices may have had
a significant impact on the number of beads recovered from
each sample (4).

Conclusion. The protocols developed here for the extraction
and concentration of NoV from food matrices provide a rapid
and effective tool for investigating the suspected contamina-
tion of food products. The standardized reagents and auto-
mated extraction systems involved are readily available for
implementation in food testing laboratories. The complete val-
idation of the method requires additional NoV strains and
would ideally include the processing of naturally contaminated
food samples. However, our data indicate that this system
detects the most common GII.4 NoV as well as additional

TABLE 1. Detection of GII.4 2006b/DenHaag NoV in buffer and
various food products using A-, B-, H(2)-, and H(3)-conjugated

magnetic beads with two automated extraction systemsa

System Matrix

No. of positive replicates/total no.
at input virus titerb of:

104 103 102 101

iCropTheBug Buffer 3/3 2/3 1/3 —
Lettuce 3/3 1/3 0/3 —
Green onions — 2/3 1/3 0/3
Strawberries 1/3 0/3 0/3 —
Deli ham 2/3 1/3 0/3 —

Pathatrix Buffer — 3/3 1/3 0/3
Lettuce — 1/3 1/3 1/3
Green onions — 1/3 1/3 1/3
Strawberries — 0/3 0/3 1/3
Deli ham — 0/3 0/3 0/3

a For each data set, the three viral additions were undiluted, diluted at 1/10,
and diluted at 1/100.

b The input titer was calculated for each experiment and varied due to differ-
ences in the stock sample. The quantity of input virus has been rounded to the
nearest factor of 10 copies/250 ml. —, dilution not tested.

TABLE 2. Detection of NoV strains in buffer using 50 �l of
HBGA-conjugated magnetic beads with two

automated extraction systems

System Strain

No. of positive replicates/total no.
at input virus titera of:

104 103 102 101 100

iCropTheBug GI.1 — 3/3 3/3 1/3 0/3
GI.3b — — 1/3 1/3 1/3
GI.13 3/3 3/3 — 1/3 0/3
GII.2 3/3 1/3 2/3 0/3 —
GII.3 3/3 3/3 3/3 1/3 0/3
GII.4 2002 3/3 3/3 1/3 1/3 —
GII.4 2004 3/3 2/3 — 2/3 0/3
GII.4 2006a 3/3 3/3 2/3 — 0/3
GII.4 2006b 3/3 2/3 1/3 — —

Pathatrix GI.1 3/3 3/3 3/3 0/3 —
GI.3b 3/3 3/3 0/3 — —
GI.13 — 0/3 0/3 0/3 —
GII.2 — 3/3 2/3 1/3 0/3
GII.3 — — 3/3 3/3 1/3
GII.4 2002 3/3 3/3 1/3 1/3 —
GII.4 2004 — — 1/3 0/3 0/3
GII.4 2006a 3/3 1/3 0/3 0/3 —
GII.4 2006b — 3/3 1/3 0/3 —

a The input titer was calculated for each experiment and varied due to differ-
ences in the stock sample. The quantity of input virus has been rounded to the
nearest factor of 10 copies/250 ml. —, dilution not tested.
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strains from GI and GII. The HBGA-NoV interaction has the
potential to be used in conjunction with multiple rapid testing
platforms for further advancements in food testing technology.
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Vinjé. 2005. Rapid and sensitive detection of noroviruses by using
TaqMan-based one-step reverse transcription-PCR assays and application to
naturally contaminated shellfish samples. Appl. Environ. Microbiol. 71:
1870–1875.

12. Kageyama, T., S. Kojima, M. Shinohara, K. Uchida, S. Fukushi, F. B.
Hoshino, N. Takeda, and K. Katayama. 2003. Broadly reactive and highly
sensitive assay for Norwalk-like viruses based on real-time quantitative re-
verse transcription-PCR. J. Clin. Microbiol. 41:1548–1557.

13. Kim, H. Y., I. S. Kwak, I. G. Hwang, and G. Ko. 2008. Optimization of
methods for detecting norovirus on various fruit. J. Virol. Methods 153:104–
110.

14. Kobayashi, S., K. Natori, N. Takeda, and K. Sakae. 2004. Immunomagnetic
capture RT-PCR for detection of norovirus from foods implicated in a
foodborne outbreak. Microbiol. Immunol. 48:201–204.

15. Koopmans, M. 2008. Progress in understanding norovirus epidemiology.
Curr. Opin. Infect. Dis. 21:544–552.

16. Logan, C., J. J. O’Leary, and N. O’Sullivan. 2007. Real-time reverse tran-
scription PCR detection of norovirus, sapovirus and astrovirus as causative
agents of acute viral gastroenteritis. J. Virol. Methods 146:36–44.

17. Malek, M., E. Barzilay, A. Kramer, B. Camp, L. A. Jaykus, B. Escudero-
Abarca, G. Derrick, P. White, C. Gerba, C. Higgins, J. Vinjé, R. Glass, M.
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