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Two recently commercialized enzyme-linked immunosorbent assay kits, the SRSV(II)-AD (Denka Seiken Co.
Ltd., Tokyo, Japan) and IDEIA NLV (DakoCytomation Ltd., Ely, United Kingdom) kits, that detect human
norovirus (HuNV) antigens in stool samples were evaluated to assess whether they could be used instead of
reverse transcription-PCR (RT-PCR) for routine diagnosis. The sensitivities and specificities of the two kits
were tested with a panel of 103 stool samples containing HuNVs of 4 and 10 genetic subgroups within
genogroups I and II (GI and GII), respectively, and 39 stool samples containing other enteric viruses. The
Denka kit had a high sensitivity (>70% for 10 of the 14 subgroups) but a specificity of only 69%, and the Dako
kit had a low sensitivity (<30% for 6 GII subgroups) but a high specificity of 100%. Statistical analysis suggests
that HuNVs of four subgroups (subgroups GII/2, GII/5, GII/6, and GII/n) are likely to elude detection by the
Dako kit. The two kits also demonstrated differences in reactivities. While the Dako kit discriminated between
the GI and GII antigens of HuNVs, the Denka kit cross-reacted with samples containing all GI and GII
subgroups of HuNVs. Moreover, the Denka kit also reacted with samples containing human sapovirus (HuSV).
We demonstrate that the cross-reactivity of the Denka kit is not due to specific reactions with HuNV and HuSV
antigens. These results indicate that neither the Denka kit nor the Dako kit has all the performance charac-
teristics required to replace the RT-PCR methods used to detect HuNVs.

Human noroviruses (HuNVs), which are members of the
genus Norovirus in the family Caliciviridae and which were
previously known as Norwalk-like viruses (NLVs) or small
round-structured viruses (SRSVs), are the leading cause of
nonbacterial acute gastroenteritis outbreaks worldwide (7, 10,
15, 29). While HuNV infection causes many cases of illness and
large economic losses (28, 30), outbreaks of HuNV infection
are difficult to control because the virus is very contagious and
is easily spread by multiple modes of transmission. A major
obstacle in establishing the diagnosis of HuNV infection has
been the absence of a sensitive and rapid diagnostic method
suitable for use in public health laboratories and hospitals. Part
of the difficulty in developing such a method has been the
enormous genetic and antigenic diversity of this virus group. At
present, most HuNVs have been classified genetically into two
major groups, genogroups I and II (GI and GII, respectively),
with GI comprising at least 7 subgroups and GII comprising at
least 10 subgroups (4, 8, 9, 21, 40).

Historically, HuNVs were first detected by electron micros-
copy, but reverse transcription-PCR (RT-PCR) has now be-
come the standard test for the diagnosis of HuNV infection.
The RT-PCR assay is time-consuming, expensive, and not easy

to perform. Because it is difficult to design broadly reactive
primers, the ability to detect HuNVs by RT-PCR differs mark-
edly between laboratories (39). Even in the same laboratories,
the efficiency of amplification changes over time due to
changes in the genetic groups of HuNVs circulating in the
community (16, 32). To circumvent this problem of sequence
mismatch, many laboratories use multiple sets of primers tar-
geting different regions of the genome, at the cost of the
simplicity of the procedures and the rapidity of results (7, 39,
40). The test can be further delayed because confirmation of
the identities of the amplification products by either probe
hybridization or sequencing is often required (3, 38). These
difficulties with RT-PCR indicate that a much simpler and
more rapid method needs to be developed to provide to re-
searchers investigating HuNV outbreaks a more timely means
of diagnosis.

An enzyme-linked immunosorbent assay (ELISA) would be
an attractive supplement to RT-PCR methods for the screen-
ing of stool samples for HuNVs because of its simplicity and
rapidity and because of the potential for widespread distribu-
tion on account of the standard technology used. To develop
diagnostic ELISA methods, several research groups have pre-
pared recombinant-expressed major capsid proteins (VP1),
which spontaneously assemble into virus-like particles (VLPs),
and polyclonal antibodies and monoclonal antibodies (MAbs)
against the VLPs (5, 6, 11, 17, 18, 24–27, 31, 33). Comparison
of the reactivities with VLPs of antibodies raised in animals by
immunization of VLPs from different genetic groups has con-
sistently suggested that GI and GII correspond to two distinct
major antigenic types and that the genetic subgroups within GI
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and GII each correspond to distinct antigenic subtypes. While
the rabbit anti-VLP polyclonal antibodies obtained in those
studies were predominantly specific for the genetic subgroups
of HuNVs used as the immunogen (11, 18, 24, 25), mouse
MAbs recognizing epitopes common to either GI or GII, or
both GI and GII, have also been reported (12, 14, 22, 42).
These MAbs, which have the ability to react with a wide range
of antigenically diverse HuNVs, could be useful for the devel-
opment of a simple and rapid ELISA method for the detection
of virus in stool samples.

Recently, two ELISA kits for the detection of HuNV anti-
gens in stool samples have been commercialized: the SRSV
(II)-AD kit, made by Denka Seiken Co. Ltd. (Tokyo, Japan),
and the IDEIA NLV kit, made by DakoCytomation Ltd. (Ely,
United Kingdom). These kits are distributed mainly in Japan
and Europe, respectively, and neither kit is available on the
U.S. market. Both kits use a sandwich-type format with MAbs
to separately capture GI and GII antigens on the surfaces of
two microwells (the GI and GII wells, respectively) and rabbit
polyclonal antibodies conjugated to horseradish peroxidase to
detect the captured GI and GII antigens.

The Denka kit uses two MAbs, MAbs NV3912 and NS14,
and pools of the GI and GII antigen-directed polyclonal anti-
bodies, which were prepared by immunizing rabbits with VLPs
of 4 GI HuNV subgroups and 10 GII HuNV subgroups (37).
MAb NV3912 reacts strongly only with VLPs of GI HuNVs
(22). MAb NV14 reacts strongly with GII VLPs and weakly
with GI VLPs. Neither MAb reacts with VLPs of Sapporo/82/
JPN (22), the prototype strain of human sapovirus (HuSV),
which is in the genus Sapovirus of the family Caliciviridae. The
genetic subgroups of the 14 HuNVs used to immunize rabbits
were not reported. The Dako kit is reported to use pools of
MAbs specific for 4 and 10 genetic subgroups of GI and GII,
respectively, but information on the properties of the capture
and detector antibodies is not available (34).

Three research groups have evaluated these kits indepen-
dently (34, 37, 41). The Denka kit had a sensitivity, specificity
and agreement (accuracy) of 68, 76, and 69%, respectively, on
the basis of the RT-PCR results for 1,502 stool samples col-
lected from patients involved in outbreaks of gastroenteritis in
Japan (37) and a sensitivity, specificity and agreement of 86, 67,
and 80%, respectively, on the basis of the RT-PCR results for
20 stool samples (41). The Dako kit had a sensitivity, specific-
ity, and agreement of 56, 98, and 81%, respectively, on the
basis of the results of RT-PCR for 479 stool samples from
patients involved in more than 150 outbreaks in the United
Kingdom (34). These values suggest that the kits perform well,
with the Denka kit having a greater sensitivity and the Dako kit
having a greater specificity, and have attracted the interest of
many researchers working with HuNV outbreaks. However,
two observations described in the papers attracted our atten-
tion. First, the Dako kit did not detect three viruses in 1 of 12
genetic subgroups tested (subgroup GII/2), but information on
the composition of the genetic subgroups in the test panel was
not presented. The papers evaluating the Denka kit provided
no information on the efficiency of the kit for the detection of
individual genetic subgroups. Because the genetic subgroups of
HuNVs circulating in communities can vary enormously (16,
32), information on the efficiencies of the kits for the detection

of individual genetic groups is crucial for the application of the
kits to field studies. Second, while the Dako kit discriminated
between the GI and the GII antigens, the GI and GII wells of
the Denka kit appeared to cross-react with both antigens. A
prerequisite for such cross-reactivity is the use of both capture
and detector antibodies with the capability to recognize
epitopes common to GI and GII HuNVs. However, the rabbit
anti-VLP antibodies produced in many laboratories were gen-
erally specific for genetic subgroups (11, 18, 24, 25), and the GI
wells of the Denka kit were coated with MAb NV3912, report-
edly specific only for VLPs of GI antigens. The authors of the
papers evaluating the Denka kit did not provide information
on how frequently this cross-reactivity occurred and did not
discuss those results.

The aim of the present study was to independently evaluate
and compare the Denka and Dako kits and to determine their
sensitivities and specificities for the detection of HuNVs of the
most common genetic subgroups recently identified in the
United States (7). The study specifically addressed the ques-
tions of whether particular genetic subgroups eluded detection
by the kits and whether the cross-reactivity of the Denka kit
represented reactions with HuNV antigens. The answers to
these questions should help scientists in public health labora-
tories and hospitals who might be interested in using these kits
in investigations of outbreaks of HuNV infections.

MATERIALS AND METHODS

Panel of stool samples. The kits were evaluated with a panel of 104 HuNV-
positive reference stool samples that had yielded strong signals by RT-PCR when
their amplified products were stained with ethidium bromide and 33 negative
reference stool samples containing rotavirus, astrovirus, and enterovirus, as de-
tected by ELISA, RT-PCR, or virus isolation (Table 1). In addition, one noro-
virus sample of GIV/1 (7, 20, 40) was included. Of these, 98 positive and 23
negative reference samples were used to evaluate both kits. The 104 positive
reference samples were collected from 35 outbreaks of acute gastroenteritis that
occurred in the United States between June 1999 and June 2002. The 33 negative
reference samples were collected from children less than 5 years of age with
diarrhea.

The Denka kit was also tested with six HuSV-positive stool samples from
patients involved in an outbreak that had yielded strong signals by RT-PCR.
These six samples were included in the negative reference panel. The HuNVs in
the reference panel were detected by RT-PCR with either the region B-specific
(2) or the region A-specific (3) primer set, and the HuSVs were detected with
primer set p289-p290 alone (19).

Genetic group. The genetic groups of the HuNV isolates used in this study
were determined on the basis of a genetic classification scheme described pre-
viously (4), with modification (7). Briefly, a unique sequence of the amplification
product either in region B (a 172-base region located between nucleotides 265
and 94 from the 3� end of open reading frame [ORF] ORF1 in the equivalent
location of the Bristol virus genome) or in region C (a 277-base region located
between nucleotides 312 and 588 from the 5�end of ORF2), or in both regions,
was assigned to a specified genetic group if the sequence had less than a 15%
difference in nucleotide identity with the sequences of one of the following
reference strains (GenBank accession numbers are given in parentheses): GI/1,
Norwalk/8FIIa/1968 (M87661); GI/2, Southampton/1991/UK (L07418); GI/3,
Desert Shield 395/1990/SA (U04469); GI/4, Ciba 407/1987/JP (AB022679);
GII/1, Hawaii/1971/US (U07611); GII/1b, Wortley/1990/UK (AJ277618); GII/2,
Melksham/1989/UK (X81879); GII/3, Toronto 24/1991/CA (U02030); GII/4,
Bristol/1993/UK (X76716); GII/5, Hillingdon/1994/UK (AJ277607); GII/6,
Seacroft/1990/UK (AJ277620); GII/7, Leeds/1990/UK (AJ277608); and GIV/1,
Alphatron/1998/NL (AF195847). The designations GII/j and GII/n refer to ge-
netic subgroups suggested to be distinct from the groups indicated above.

Panel of VLPs. A panel of VLPs was prepared from seven HuNV-containing
samples (the designations in parentheses indicate the abbreviations for the re-
combinant-expressed protein name; GenBank accession numbers): Desert
Shield 395/1990/SA (rDSV), Hawaii/1971/US (rHV), and Chesterfield/434/
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1997/US (rCFV; AY054300) in HuNV/GII/2; Toronto 24/1991/CA (rTV) and
Burwash Landing/331/1995/US (rBLV; AF414425) in HuNV/GII/4; White River/
290/1994/US (rWRV; AF414423) in HuNV/GII/5; and Florida/269/1993/US
(rFV; AF414407) in HuNV/GII/6. The VLPs from Parkville/1994/US (rPV;
U73124) in HuSV/GI/2 were also included in the panel. The expression and
purification of these VLPs were performed by previously described methods (6).
rCFV, rBLV, rWRV, rFV, and rPV were generated in the Respiratory and
Enteric Viruses Branch at the Centers for Disease Control and Prevention
(Atlanta, Ga.). The cloned cDNAs of rDSV, rHV, and rTV inserted in either
plasmid or baculovirus expression vectors were generated in the Laboratory of
Infectious Disease at the National Institute of Allergy and Infectious Disease,
National Institutes of Health (Bethesda, Md.), and were kindly provided by Kim
Green. The protein concentrations of the purified VLPs were determined with a
Micro BCA protein assay reagent kit (Pierce Biotechnology Inc., Rockford, Ill.)
with bovine serum albumin used as the standard. The purities of the VLPs were
confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, fol-
lowed by staining with Coomassie blue.

ELISA. The stool samples were individually weighed to determine the accu-
racies of the concentrations, and the coded suspensions were randomly distrib-
uted in the GI and GII wells coated with anti-GI and anti-GII MAbs, respec-
tively, provided with the kits. The assay was repeated twice, and the procedures
described in the instructions were strictly followed.

Briefly, for the Denka kit, a 10% stool suspension made in 2.5% veal infusion
broth was mixed with an equal volume of sample extraction buffer provided with
the kit. The reactions for the capture and detection of HuNV antigens were
performed separately in 100 �l for 1 h at room temperature. After the wells were
washed, 3,3�,5,5�-tetramethylbenzidine and hydrogen peroxide were added and a
colorimetric reaction was conducted for 30 min at room temperature. The optical
densities (ODs) at 450 and 630 nm were measured with a MRX Revelation

spectrophotometer (Dynex Technologies, Inc., Chantilly, Va.), and the average
OD value for two blanks obtained with buffer in place of the 10% stool suspen-
sion was subtracted from the OD values for the test samples and the controls.
Samples with OD values greater than the average (mean) OD values for the two
positive controls were regarded as positive, as indicated in the kit’s instructions.

For the Dako kit, 10% stool suspensions were prepared in the buffer provided
with the kit. The capture and detection reactions were performed simultaneously
in a volume of 200 �l for 2 h at room temperature; 100 �l of the 10% stool
suspension and 100 �l of the horseradish peroxidase-conjugated anti-GI and
anti-GII polyclonal antibodies were successively added to the GI and GII wells,
respectively. The procedures for the colorimetric reaction were the same as those
used with the Denka kit. Samples with OD values greater than the average OD
values for the two negative controls plus 0.1 were regarded as positive.

Purification of HuNVs from stool samples. Two GI- and GII-containing stool
samples were selected and purified by isopycnic CsCl density gradient centrifu-
gation and subsequent dialysis against TN buffer (0.01 M Tris hydrochloride [pH
7.5], 0.15 M NaCl) with Float-A-Lyzer dialysis membranes with a molecular mass
cutoff of 25,000 Da (Spectrum Laboratories Inc., Rancho Dominguez, Calif.), as
described previously (13). Before purification, each of these samples had high
OD values in the two wells: one sample, HuNV/GI/3, had ODs of 2.959 and 1.100
in the GI and GII wells, respectively, and the other, HuNV/GII/7, had ODs of
1.679 and 2.919 in the GI and GII wells, respectively.

Analyses of the data. The sensitivity, specificity, and agreement (Table 2) were
calculated as described previously (23): sensitivity was the percentage of positive
reference samples that were positive by ELISA; specificity was the percentage of
negative reference samples that were negative by ELISA; and agreement was the
percentage of the results that were fully concordant, with the positive reference
samples being positive by ELISA and the negative reference samples being
negative by ELISA.

Analyses of OD values were performed by statistical methods (1) with the SAS
programming software package, version 9 (35). To improve the normality of the
distribution, the OD values were logarithmically transformed before the analy-
ses. After logarithmic transformation, we tested the normality of the distribution
of the OD values by the Shapiro-Wilk W test, and the results were plotted with
a box-and-whisker plot. A two-sample paired t test with the OD values obtained
from the same samples was used to assess whether the mean OD values between
the GI and GII wells or between the two kits differed between the sample
populations. The Bonferroni modified t test was conducted with the OD values
from the different samples to estimate differences in the means of the OD values
for populations between the positive and negative reference samples. In these
analyses, a null hypothesis was set to no difference, and a probability to accept
this hypothesis was indicated by P values.

RESULTS

The assays were repeated twice, with good reproducibility,
and we obtained essentially the same results each time (data
not shown). The analyses described below were based on the
results obtained by one of the two assays. The statistical anal-

TABLE 1. Detection of human viruses in stool samples with two
ELISA kitsa

Virus and
genetic group

No. of
outbreaks

No. of samples positive/no. tested
(%)

Denka kit Dako kit

HuNV
GI/1 2 8/8 (100) 5/8 (63)
GI/2 3 5/8 (63) 4/8 (50)
GI/3 3 8/8 (100) 3/6 (50)
GI/4 1 7/8 (88) 7/8 (88)

Sum 9 28/32 (88) 19/30 (63)

GII/1 2 6/6 (100) 5/6 (83)
GII/1b 2 6/6 (100) 2/6 (33)
GII/2 2 5/6 (83) 0/6 (0)
GII/3 2 4/8 (50) 1/8 (13)
GII/4 2 5/7 (71) 3/4 (75)
GII/5 3 3/8 (38) 0/8 (0)
GII/6 4 5/8 (63) 1/8 (13)
GII/7 2 7/8 (88) 4/8 (50)
GII/j 3 8/8 (100) 2/7 (29)
GII/n 3 5/6 (83) 1/6 (17)

Sum 25 54/71 (76) 19/67 (28)

GIV/1 1 1/1 (100) 1/1 (100)

Total 35 83/104 (80) 39/98 (40)

Non-HuNVs
HuSV 1 4/6 (67) NA
RV 6/24 (25) 0/23 (0)
ASV 2/9 (22) NA
EnV NA 0/9 (0)

Total 36 12/39 (31) 0/32 (0)

a Abbreviations: RV, rotavirus; ASV, astrovirus; EnV, enterovirus; NA, sam-
ples not available.

TABLE 2. Sensitivities, specificities, and rates of agreement of the
Denka and Dako kits

Kit Well

No. of reference
samples Overall properties of the two kits

HuNVa Non-HuNVb Sensitivity
(%)

Specificity
(%)

Agreement
(%)

Denka GI 32 39 81 72 76
GII 71 39 69 85 75
Both 103 39 80 69 77

Dako GI 30 32 60 100 81
GII 67 32 28 100 52
Both 97 32 39 100 54

a Stool samples with HuNV used as positive reference samples.
b Stool samples with other viruses (HuSV, rotavirus, astrovirus, and enterovi-

rus) used as negative reference samples.
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yses were conducted with log OD values, which showed normal
distributions and which had similar standard deviations within
the GI and GII groups.

Overall properties of the two kits. (i) Sensitivity. The two
kits showed marked differences in sensitivities for the detection
of GI and GII antigens. While the Denka kit detected HuNVs
of all 14 genetic subgroups and the sensitivities for the detec-

tion of 10 of these subgroups were �70% (with a sensitivity of
100% for the detection of 5 subgroups), the Dako kit detected
HuNVs of only 12 subgroups and the sensitivities for the de-
tection of 5 GII subgroups were �30% (Table 1). The overall
sensitivities, specificities, and levels of agreement were 80, 69,
and 77%, respectively, for the Denka kit and 39, 100, and 54%,
respectively, for the Dako kit (Table 2).

FIG. 1. Comparison of OD values between Denka and Dako kits (A and B) and the GI and GII wells of the Denka kit (C and D) and the Dako
kit (E and F), respectively. Points represent OD values in the GI and GII wells obtained from the same sample. The left (A, C, and E) and right
(B, D, and F) groups of graphs provide OD values for samples with GI HuNVs and GII HuNVs, respectively. Dashed lines on horizontal and
vertical axes indicate cutoff OD values. The dashed diagonal lines correspond to the locations where the OD values in the two wells are the same.
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This difference in sensitivities between the two kits was
clearly visualized by OD values of 30 for GI-containing sam-
ples and 67 for GII-containing samples determined with the GI
and GII wells, respectively (Fig. 1A and B, respectively). All
positive OD values determined with the Denka kit were higher
than those determined with the Dako kit, except for those for
three GI-containing samples. The observed difference in OD
values was confirmed by the results of the two-sample paired t
test, which showed significant differences between the two kits
for both GI-containing (P � 0.0001) and GII-containing (P �
0.0001) samples.

Of note, one sample with GIV/1 was positive with both of
the kits; it was positive in both wells of the Denka kit (ODs,
0.162 and 2.495 in the GI and GII wells, respectively) but only
in the GII well of the Dako kit (OD, 1.274) (Table 1).

(ii) Cross-reactivity. The two kits demonstrated marked dif-
ferences in cross-reactivities (Table 2). The Denka kit detected
59% of the GII antigens in the GI wells and 63% of the GI
antigens in the GII wells. The Dako kit detected no GII anti-
gens in the GI wells and only 7% of the GI antigens in the GII
wells.

This difference in cross-reactivity was further demonstrated
by the distributions of the OD values on x-y plots (Fig. 1C to
F). While many OD values determined with the Denka kit
were distributed in a large area outside of the two cutoff values
(Fig. 1C and D), all but two of the OD values determined with
the Dako kit were distributed inside of the cutoff values (Fig.
1E and F). Furthermore, for the Denka kit, samples containing
five GII subgroups (subgroups GII/1, GII/1b, GII/2, GII/3, and
GII/4) had mean OD values that were higher in the GI wells
than those in the homologous GII wells.

Consistent with this observation, the results of the two-sam-
ple paired t test did not indicate a significant difference in the
OD values for the 72 GII-containing samples between the GI
and GII wells of the Denka kit (P � 0.684), while the OD
values for the 32 GI-containing samples differed significantly
between the GI and GII wells (P � 0.0001).

(iii) Specificity. The Dako kit gave more specific results than
the Denka kit. None of the negative reference samples were
positive in tests with the Dako kit, but 12 (31%) of 39 were
positive in tests with the Denka kit (Table 1 and Table 2).

Eight of the 12 samples with false-positive results, 6 of which
contained rotavirus and 2 of which contained astrovirus, were
confirmed to be negative for HuNVs by RT-PCR with primers
specific for region B. The OD values for these eight samples
with false-positive results ranged from 0.118 to 0.505 (mean
OD, 0.215) in the GI wells and from 0.039 to 0.807 (mean OD,
0.227) in the GII wells, and the values for three of these
samples were outliers of the estimated normal distribution
(Fig. 2).

For the remaining four samples from an HuSV outbreak
with false-positive results, sequencing of the RT-PCR products
from two of the four samples indicated different sequences:
one closely related to Parkville/1994/US in HuSV/GI/2 and
another closely related to London/1992/UK in HuSv/GII/1
(36). Three of the four samples, including the sample with
HuSV of GI/2, were positive in both the GI and the GII wells,
and their OD values ranged from 0.154 to 2.938 (mean OD,

0.931) in the GI wells and from 0.140 to 1.964 (mean OD,
0.828) in the GII wells. The sample with HuSV of GII/1 tested
negative in both wells.

These results suggest that increasing cutoff values would not
increase the specificity of the Denka kit. Unfortunately, the
samples with HuSVs were not tested with the Dako kit because
sufficient supplies of these samples were not available.

Detection of specific subgroups with the kits. To assess
whether particular subgroups elude detection by the kits, we
analyzed the OD values obtained for the HuNVs of individual
subgroups (Fig. 2). The two kits differed markedly in their
ability to detect the 4 GI subgroups and 10 GII subgroups.
With the Denka kit, the median values were above the cutoff
values for all but 1 of the 14 subgroups (subgroups GII/6) and
the 25% lower-border values were below the cutoff point for 4
subgroups (subgroups GII/3, GII/4, GII/5, and GII/6) (Fig.
2A). By contrast, for the Dako kit, the median values were
below the cutoff values for 8 subgroups (subgroups GI/2, GII/
1b, GII/2, GII/3, GII/5, GII/6, GII/j, and GII/n) and the 25%
lower-border values were below the cutoff values for 10 sub-
groups (subgroups GII/4 and GII/7 along with the 8 subgroups
indicated above) (Fig. 2B).

The results of the analysis by the Bonferroni modified t test
indicated that the OD values determined with the Denka kit
differed significantly from the negative reference values for all
14 subgroups. However, the values obtained with the Dako kit
differed significantly from the negative reference values for
only 10 subgroups, and the values for the remaining 4 sub-
groups did not show the difference (for GII/2, P � 0.064; for
GII/5, P � 0.787; for GII/6, P � 0.820; and for GII/n, P �
0.427). These results indicate that these four GII subgroups are
likely to elude detection with the Dako kit.

Determination of source of cross-reactive property of the
Denka kit. To understand the basis for the cross-reactivity
observed with the Denka kit, we examined the ability of the kit
to discriminate the GI and GII antigens of the VLPs versus
those of native virus in stool samples.

(i) Test for a common epitope(s) on VLPs. To determine
whether the GI and GII wells of the Denka kit reacted with a
common epitope(s), we tested the kit with a panel of VLPs
prepared from seven HuNV subgroups and one HuSV sub-
group. The Denka kit detected all VLPs from HuNVs in the
GI or GII wells with the homologous genogroup of the VLPs
but did not detect the VLPs at any concentrations in the wells
with the heterologous genogroup (Fig. 3). In addition, the kit
did not detect the HuSV antigen of rPV (Parkville/1994/US).
These results ruled out the possibility that the cross-reactivity
of the Denka kit represents a reaction with a common
epitope(s) shared by VLPs and native virus in stool samples.

The kit showed the lowest detection threshold (�78 ng/ml)
for rWRV (GII/5) and rFV (GII/6) and the highest detection
threshold (�313 ng/ml) for rCFV (GII/2), but this difference
did not correlate with the observed differences in the sensitiv-
ities of detection of the different HuNV subgroups in stool
samples (Table 1).

(ii) Test for a common epitope(s) on native virus. To deter-
mine whether the GI and GII wells of the Denka kit reacted
with a common epitope(s) on native virus in stool samples, we
purified a GI/3 antigen from stool samples by CsCl density
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gradient centrifugation and subsequent dialysis. The cross-re-
activity of the GI antigen in the GII wells was completely
eliminated by the purification. The gradient fractions corre-
sponding to the intact virions (fraction 7, with a buoyant den-
sity of 1.36 g/ml) and the disrupted virions (fractions 12 to 15,
with buoyant densities of �1.357 to 1.353) showed high OD
values only in the GI wells (Fig. 4). Similarly, purification and
dialysis conducted with another sample containing HuNV sub-
group GII/7 completely eliminated the cross-reactivity in the
GI wells (data not shown).

These results rule out the possibility that the cross-reactivity
represented the reaction with a common epitope(s) present on
native virus and indicate that it was due to a substance(s)
present in the stool samples.

In an attempt to identify this substance(s), we selected an
additional six stool samples and added CsCl (final concentra-
tion, 1.36 g/ml) to the samples during sample preparation and
dialyzed them against TN buffer before the ELISA. These

treatments of the samples substantially eliminated the cross-
reactivities for three of the six samples tested (data not shown).

DISCUSSION

Because the RT-PCR assay used to diagnose HuNV infec-
tions at present is time-consuming and difficult to perform, we
evaluated two recently commercialized ELISA kits to deter-
mine whether they could be used instead of the RT-PCR assay
in public health laboratories. Earlier reports of studies that
evaluated these kits suggested that they performed well but
also questioned whether particular genetic subgroups eluded
detection and whether the cross-reactivity of the Denka kit
represented a reaction with HuNV antigens. It was important
to answer these questions before the distribution of these kits
to state public health laboratories to apply them to the inves-
tigation of HuNV outbreaks is considered. The panel of stool
samples used in this study differed in composition from those

FIG. 2. Box-and-whisker plots of homologous OD values, showing the 95% central ranges derived from an estimated normal distribution of OD
values obtained with the Denka kit (A) and the Dako kit (B) before logarithmic transformation. The left and right panels indicate OD values for
samples with GI and GII HuNVs, respectively. The bottom, middle, and top lines of each box correspond to the 25, 50, and 75% cumulative
frequencies of the observed values, respectively. The upper and lower whiskers extending from the box correspond to 2.5 and 97.5% cumulative
frequencies, respectively (either the whisker or the box line, or both, overlap each other for some subgroups). The plus signs and squares mark
the mean OD value and the relative outliers, respectively. The dashed line indicates cutoff OD value. Non-HuNVs, negative reference samples.

2592 BURTON-MACLEOD ET AL. J. CLIN. MICROBIOL.



used in the preceding studies. First, the HuNV-positive refer-
ence samples were composed of only those stool samples that
gave a strong signal by RT-PCR products with ethidium bro-
mide staining. Second, the stool samples were selected so that
the most common genetic groups previously identified (7) were
almost evenly distributed in the panel.

For the Dako kit, the sensitivity and agreement determined
in this study were substantially lower than those determined
previously (34). We found that 8 of the 14 subgroups tested
(subgroups GI/2, GII/1b, GII/2, GII/4, GII/5, GII/6, GII/j, and
GII/n) had OD values markedly lower than those for the pos-
itive reference samples, and the sensitivities for six of these
samples were �30%. Importantly, the OD values for 4 sub-
groups (subgroups GII/2, GII/5, GII/6, and GII/n) did not
differ significantly from those for the negative reference sam-
ples, suggesting that these GII subgroups are not likely to be
detected by the Dako kit. This finding suggests that inclusion of
the samples with HuNVs in these four subgroups caused the
major differences in sensitivity and agreement between the
present study and previous studies. Of note, we used only stool

samples that were strongly positive for HuNVs by RT-PCR.
The results could be much worse in field studies, in which stool
samples have various concentrations of HuNV antigens. Since
the eight subgroups mentioned above have been responsible
for many outbreaks in the past several years in the United
States and many other countries (7, 39), we conclude that the
present version of the Dako kit is too insensitive for routine
diagnostic use and would yield many false-negative results.

We also found that the cross-reactivities of the GI and GII
wells of the Denka kit occurred with all GI and GII subgroups
of HuNVs tested. Importantly, the OD values for the samples
containing GII were not statistically significantly different be-
tween the GI and GII wells, and both the GI and GII wells
gave positive OD values for three of seven stool samples col-
lected from one HuSV outbreak. These results could be ob-
tained from a specific reaction with HuNV and HuSV antigens
only when the reaction occurred with an epitope(s) common to
the GI and GII antigens of HuNV and HuSV antigens, a
possibility that was not predicted from previous reports. Such
a common epitope(s) either could be shared by VLPs and

FIG. 3. Results of evaluation of the Denka kit with a panel of VLPs (see the text for details). Œ, OD values in GI wells; F, OD values in GII
wells.
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native virus in stool samples or could be maintained by the
native virus alone. Both of these possibilities were ruled out by
the results of the test with the panel of VLPs and those from
virus purification. When the virus in the stool samples was
purified, the cross-reactivity disappeared. We do not know
what substance(s) is responsible for this cross-reactivity, but
our results suggest that it has a molecular mass �25,000 Da
and can be detached from the antigen by either exposure to a
high concentration of CsCl or dialysis against TN buffer, or a
combination of both treatments. Taken together, we conclude
that the present version of the Denka kit has too many non-
specific reactions for routine diagnostic use and would yield
many false-positive results. The kit might be used to screen
large numbers of stool samples for HuNVs, for which RT-PCR
methods are difficult to apply, but the results for positive sam-
ples must be confirmed by RT-PCR.

While each of the two commercial kits evaluated in this
study has a problem with sensitivity or specificity, the early
prototype ELISAs for detection of antigens of specific HuNV
subgroups (e.g., subgroups GI/1, GI/4, and GII/4) had previ-
ously reported (11, 14, 25) high sensitivities of 83 to 100%
when stool samples with HuNVs whose sequences were known
were used and did not have problems because of the cross-
reactive substance(s) present in stool samples. In one of those
studies (11), 1% normal rabbit serum was added to the detec-
tor antibody solution to reduce background reactivity. Our
study indicates that further improvements to the kits are re-
quired. For the Denka kit, nonspecific reactions of the reagents
in the assay with a substance(s) in stool samples occur fre-
quently, and specificity could be increased by either improving
fecal sample processing to remove or reduce the cross-reactive
substance(s) or modifying the composition of the detector an-
tibody solution, as reported previously (11), or both. For the
Dako kit, some common subgroups are not well detected, and
the sensitivity could be improved by including additional anti-
bodies specific for these groups. With these improvements, the

next generations of the kits might provide simple and rapid
diagnostic tests needed for the timely diagnosis of HuNV in-
fections in investigations of outbreaks.
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