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Figure 8. Performance of the instant call of target cells to MVC, A: Mouse ES cell. B: Culiured tobacco BY-2 cell
C: Consecutive registration of multiple mouse ES cells and suuccessive microinjection of a fluorescent dye and their
observation with a different optical apparatus: (a) before and (b) after microinjection of fluorescent dye with 1X-71,
(c) bright field image. and (d) fluorescent image observed with LSM310 system. White arrows indicate target wells, Cell,.
Cell, Cell, . ,, indicate a part of consecutive numbers in many cells. D: Consecutive observation of the cell growth
process, 3, b, and ¢ indicate three different single-cells in different dishes, Each single-cell at 151 day grew into a colany

100 g v diameter at 6th day
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is applicable to any type of dishes produced by many compa-
nies. Therefore, the disposable CS chip can be used by many
researchers and students who are engaged in various single-
cell experiments with different types of culture dishes.
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In 2 infants with gastroenteritis associated with
Norovirus (NoV), serum immunoglobulin (Ig) G,
IgM, IgA, and fecal IgA antibody responses
against NoV were examined by enzyme-linked
immunosorbent assay using 11 different anti-
genic and genetic types of NoV virus-like particles
expressed in insect cells. These two cases were
putative primary single NoV infections, because
antibodies against NoVs were not detected in
acute-phase serums. In one of two cases, long-
term excretion of virus RNA for 33 days was
observed. Serum IgG responses demonstrated
strong seraresponse to the homologous type,
and weak seroresponse to the heterologous types
within the genogroup. After more than 2 years,
the 1gG antibody titer remained high to the
homologous type and low to the heterologous
type within the genogroup. IgM and IgA were
specific to the homologous type. lgM was short
lived and the serum IgA antibody titer remained
low to the homologous type for a long period.
These results improve our understanding of
the humoral immune response to NoV infection.
J. Med. Virol. 79:1187-1193, 2007.

© 2007 Wiley-Liss, Inc.

KEY WORDS: norovirus; primary infection;
humoral immune response;

ELISA; virus-like particle

INTRODUCTION

Noroviruses (NoVs) in the family of Calicviridae are
the major cause of acute nonbacterial gastroenteritis in
all age groups, and NoV infections have occurred
worldwide as outbreaks and sporadic cases [Green
et al., 2001).

@ 2007 WILEY-LISS, INC.

NoVs are a genetically and antigenically diverse
group. Genetic analysis of the RNA polymerase and
capsid region revealed that human NoVs can be divided
into two genogroups, genogroup I (GI) and genogroup 11
(GII) [Green et al., 1994; Wang et al., 1994). Recent
studies of genotyping on the basis of capsid N-terminal/
shell (N/S) domain classified NoVs into at least 31
genotypes (14 genotypes in GI and 17 genotypes in GII)
[Katayama et al., 2002; Kageyama et al., 2004]. These
viruses cannot be grown in cell culture, but the
expression of the major capsid protein (VP1) in insect
cells resulted in the formation of virus-like particles
(VLPs) that are morphologically and antigenically
similar to native NoV [Jiang et al., 1992; Lew et al,,
1994]. Antigenic analysis using enzyme-linked immu-
nosorbent assay (KLISA) with VLPs and hyperimmune
antisera showed that the genetic and antigenic relation-
ship corresponded well [Kobayashi et al., 2000a,b,c;
Katayama et al., 2002; Kamata et al., 2005; Hansman
et al., 2006], but there were unusual cross-reactivities
between certain genogroups and/or genotypes based on
the antibody ELISA [Hansman et al., 2006]. Serological
studies using these recombinant VLP (rVLPs) have
shown a high prevalence and broad responses of NoV-
specific antibodies both in children and adults [Parker
etal. 1994a, 1995; Noel et al., 1997; Farkas et al., 2003).
IgM, IgA, and IgG serologic responses in adult volun-
teers and patients also reported [Treanor et al., 1993;
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Grayetal., 1994; Rockx et al., 2005a). But almost all sera
used in previous studies had pre-existing antibodies
against many types of NoV. Therefore, it was not clear
whether the production of cross-reactivity antibodies
emerged after primary infection or by multiple infec-
tions during their lifetime. In addition, there is little
information about the immune response to NoV infec-
tions in infants, including primary infection. To inter-
pret the cross-reactivity of antibodies to NoVs, it is
necessary to investigate the immune response to
primary NoV infection.

In the present study, serum and fecal samples from
infants infected with NoV were examined for specific
IgM, IgA, and IgG using ELISA with 11 different
genotypes of VLPs. This study describes the cross-
reactivity and specific antibody responses in putative
primary NoV infection.

MATERIALS AND METHODS
Patients

Fecal or serum samples were collected from 2 infants
suffering from nonbacterial gastroenteritis at their
medical examination and follow-up in the hospital.
After the ethical discussion in this working group, we
concluded that this study was ethically acceptable.
Informed consent for this study was obtained from their
parents. The histo-blood group antigen (HBGA) type of
the two infants was unknown. Their development was
normal. After recovery from diarrhea, their prognosis
was favorable. These two cases were sporadic and not
related to each other.

Patient A (male): He had acute gastroenteritis at
2 years in December. The major symptoms were diarrhea
and vomiting. The diarrhea was sometimes accompa-
nied by benign afebrile convulsions. He had mild
diarrhea for about 6 weeks. During the diarrhea, five
fecal and serum samples on the 5th, 12th, 18th, 33rd,
and 40th days post-onset were collected. After recovery
from diarrhea, one fecal and one serum sample on the
60th day post-onset, and one serum sample at 2 years
and 10 months post-onset were collected. Re-infection of
NoVs during this long period was unknown.

Patient B (male): He had acute gastroenteritis at
1 year in January. The major symptom was diarrhea.
The diarrhea was sometimes accompanied by benign
afebrile convulsions. He had mild diarrhea for about
1 week. During the diarrhea, one fecal and one serum
sample on the 2nd day post-onset were collected.
After recovery from diarrhea, one serum sample on the
105th day post-onset was collected. He did not have
gastroenteritis again during the period studied.

Detection of NoVs and Other Viruses
in Fecal Specimens

NoVs were detected using RT-PCR with primer pairs,
Ando's G1 (SR33, SR48, SR50, and SR52) and G2 (SR33
and SR46) primer sets [Ando et al., 1995] amplifying a
123-bp RNA polymerase region, mon381/mon383 [Noel
et al, 1997] amplifying a 322-bp capsid region, and
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SK primers [Kojima et al., 2002] amplifying a 344-bp
capsid N/S region as previously described [Iritaniet al.,
2000; Seto et al., 2005]. Other gastroenteritis viruses
were detected with our laboratory method [Iritani
et al., 2003]. Briefly, antigens of group A rotavirus and
enteric adenoviruses (serotypes 40 and 41) were tested
using commercially available antigen ELISA kits,
ROTACLONE, and ADENOCLONE-E, respectively,
according to the instructions (Meridian Bioscience,
Inc., Cincinnati, OH). Enteroviruses and adenoviruses
were tested using cell cultures with Vero and RD-185
cells. The virus-negative samples for group A rotavirus,
adenoviruses, enteroviruses, and NoVs were tested
using electron microscopy (EM) [Iritani et al., 2000], to
directly detect virus particles with a negative stain.

Genetie Analysis of NoVs

Sequencing of RT-PCR products and phylogenetic
analysis were performed as previously deseribed [Iritani
et al., 2000; Seto et al., 2005]. Genotyping based on the
Capsid N/S domain was performed as described by
Katayama et al. [2002] and Kageyama et al. [2004].

Expression of VLPs

Eleven VLPs (four genotypes in GI and seven
genotypes in GII), expressed in insect cells infected with
recombinant baculoviruses carrying the capsid gene,
were used for ELISA (Table I). These VLPs were
produced in the Department of Virology II, National
Institute of Infectious Disease. The expressed capsid
antigens were purified by a sucrose gradient followed by
CsCl gradient centrifugation and confirmed by EM, as
previously described [Kobayashi et al., 2000a,b,c;
Tamura et al., 2000; Kamata et al., 2005].

Antibody ELISA for Serum Samples

The wells of 96-well flat-bottom microtiter plates
(IMMULONZ2 HB, Dynex Technologies, Inc., Chantilly,
VA) were coated with 100 pl of each VLP (0.5 pg/ml in
0.05 M carbonate-bicarbonate buffer (pH 9.6)), and
incubated at 4°C overnight. The wells were then washed
twice with 10 mM phosphate-buffered saline containing
0.05% Tween 20 (PBS-T; pH 7.2) using a micro plate
washer (S8/12J model, Dainippon Pharmaceutical Co.,
Litd., Osaka, Japan) and were blocked at room tempera-
ture for 1 hr with 200 pl of Block Ace (Dainippon
Pharmaceutical Co., Ltd.). The wells were washed twice
and twofold serial dilutions in PBS-T containing 25%
Block Ace (25% BA/PBS-T) of serum samples, starting at
a 1:50 dilution, were added to antigen-coated plates.
After incubation for 1 hr at 37°C, the wells were washed
five times, 100 pl of horseradish peroxidase (HRP)-
conjugated goat anti-human IgG (heavy and light
chains), IgM (p-chain), or IgA (z-chain) -specific anti-
bodies (Zymed Laboratories, Inc., South San Francisco,
CA) at a dilution of 1:4,000 in 25% BA/PBS-T were
added, and the plates were incubated for 1 hr at 37°C.
After washing the wells five times, 100 pl of substrate,
0.4 mg/ml of O-phenylenediamine (Sigma Chemical Co.
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TABLE L. Description of 11 VLPs Used in This Study

Genogroup Genotype VvLP Strain Accession no. References

GI GIn rSeto Aichil124/1989/JP (Seto) AB031013 Kobayashi et al. [2000b]
Gl2 rFUV Funabashi 258/1996/JP ABO078335 Tamura et al. [2000]
GLI3 r645 Kashiwa645/1999/JP BDO11871 Kamata et al. [2005]
Gl/4 rChiba Chiba407/1987/JP ABO022679 Kobayashi et al. [2000a]

GII GII/3 r809 Sanbu809/1998/JP BDO11876 Kamata et al. [2005]
Gll/4 rNAV Narital04/1997/JP ABO78336 Kitamoto et al. [2002]
GIUS r745 Ichikawa745/1998/JP BDO11877 Kamata et al. [2005]
GIU6 rUEV UenoTk/1994/JP ABO078337 Tamura et al. [2000]
GIL7 r10-25 Osakal0-25/1999/JP BDO11881 Kamata et al. [2005]
Glnz2 rChitta Chitta76/1996/JP ABO032758 Kobayashi et al. [2000c]
GIl/14 rKAV Kashiwa47/2000/JP ABO078334 Kitamoto et al. [2002]

Ltd., St. Louis, MO) was added and the plates were
incubated for 30 min at room temperature. The reaction
was stopped with 50 pl of 4N H,S0,. Absorbance at 492
nm (A492) was measured with a microplate reader
(Multickan MS-UV model, Labsystems OY, Helsinki,
Finland). IgG, IgM, or IgA titers were defined as the
highest dilution of serum given an A492 that was
threefold higher than the A492 of the corresponding
antigen control well.

Antibody ELISA for Fecal IgA

Five fecal samples on the 5th, 12th, 18th, 40th, and
60th days from Patient A were used for ELISA to detect
VLP-specific IgA. There was not sufficient volume of the
other samples for ELISA. Fecal samples were prepared
as a 10% (wt/vol) suspension in PBS containing 10%
fetal bovine serum (FBS). Each fecal suspension was
homogenized, and centrifuged at 12,000g for 10 min.
The supernatant was used for ELISA to detect VLP-
specific IgA.

The plates were coated with VLPs as described above.
Twofold serial dilutions of fecal suspensions were made
in PBS containing 10% FBS. The diluted suspensions
were added to antigen-coated plates; thereafter, the
ELISA protocol was performed as described above.
Virus-negative fecal samples were included on each
plate as a negative control. The sample was considered
positive for VLP-specific IgA when the absorbance of the
well containing fecal samples from patient A was
threefold higher than that of the negative control well.

Nucleotide Sequence Accession Numbers

The nucleotide sequences determined in this study
were deposited in DDBJ with the following accession
numbers: AB0OB9871, OCS980730 (patient A); AB262773,
0CS000564 (patient B).

RESULTS

Detection of the Viruses in Stool
Specimens From Two Infants
With Gastroenteritis

NoVs were detected in two infants by RT-PCR
(Table 11). In patient A, who had mild diarrhea for about

6 weeks, four fecal samples on the 5th, 12th, 18th, and
33rd day were NoV-positive, although the sample on the
33rd day produced a thin band (data not shown). Those
four RT-PCR products had identical nucleotide
sequences. In patients B, who had mild diarrhea, fecal
samples on the 2nd were NoV-positive, respectively.
These stool specimens were negative to other etiological
agents of gastroenteritis. NoV strains from the two
infants were classified as GI1/4 genotype in the capsid N/
S region (Fig. 1). These two NoV strains were closely
related, with 100% amino acid identity and 98.8%
nuclectide identity in the RNA polymerase region, and
100% amino acid identity and 98.5% nucleotide iden-
tities in the capsid region. Pairwise comparison of the
capsid N/S region showed that these two NoV strains
had 100% amino acid identity and 98.9% nucleotide
identities to NAV (GIl/4), 73.4-78.7% amino acid
identities to the other 6 GII VLP strains, and 60.2%
amino acid identities to the 4 GI VLP strains.

Detection of Specific Antibodies
to 11 VLPs in the Two Infants

The specific IgG antibody titer tothe 11 VLPsis shown
in Table II. In two acute-phase serum samples from
patient A on the 5th day and patient B on the 2nd day,
none of the specific IgG antibodies to all VLPs were
detected (<1:50). IgG antibodies to rNAV in patient A
showed that the first detection was the 12th day post-
onset, and the highest titer was observed on the 33rd to
60th day (1:25,600). IgG antibodies to other five GII
VLPsexcluding r809 appeared from the 18th to 40th day
post-onset and their appearance had a time lag. In a
serum sample from patient A at 2 years and 10 months,
high IgG titers (1:6,400) to rNAV have persisted, and
those IgG titers to the other six GII VLPs were the same
or higher than other convalescent-phase serum. In
patient B, IgG antibodies to rNAV and other six GII
VLPs including r809 were detected with high titer
(1:51,200) and low (1:100 — 1:200), respectively. There
were no specific IgG antibodies to the four GI VLPs in
any serum samples.

Specific IgM antibodies to rNAV were detected in four
serum samples on the 12th, 18th, 33rd, and 40th days
from patient A (Table I1I). Two serum samples on the
12th and 18th days had a high titer (1:1,600), and later

. Med. Virol. DOT 10.1002)mv

—180—



1190
Iritani et al.

o=
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4T d specific [gM antibodies to rNAV in serum samples from
@ gatxenl B IgM antibodies to the other 10 VLPs were not
23 3338883 es eéecte_d lnanysel_‘um_samples,
85 |VVV 28 §=2 pecific IgA antibodies to rNAV were detected in all
= serum samples excluding two acute-phase sera on the
ac 5th day of patient A and the 2nd day of patient B
3 g %3 g §§ § § .‘? E (Table III). For patient A, three serum samples on the
< " =g | VvV v 18th, 33rd, and 40th days had a high IgA antibody titer
“ =2 - (1:800-1:1,600) and a serum sample at 2 years and
‘: g8 gsessse 88 10 ‘rnon.t.hs had a low titer (1:100) to rNAV. IgA
2 g 22 (59 BEEES B3 antibodies to the other 10 YL.PS were not detected in
2| : = any serum samples excluding a serum sample from
3 '*E 3 = p:znit.tm:lt1 A ‘a_at 2 gea;is and 1I0 months to r809 (Table I11).
Z| 88 looosoos 2e n the five fecal samples of patient A, specific I
E %é' £3 NOCRRERE 4= antibodies to rNAV wel:e detcpc:ed in t.hrel:w sampﬁ::
E g cuIl_ect.eth after the 18th day post-onset (Table III). IgA
£l g b § § § antibodies to the other 10 VLPs were not detected in any
HHBEIG R blibgpis
2 § i 5 S =
==
& g A DISCUSSION
§ § %u BEEEES § % g From the detection of NoV-specific antibodies in the
3 = two patient sera, it appeared that these two patients
% '5 were pl{mtlve primary single infections of NoV because
2% |2888838 28 antibodies against NoVs were not detected in acute-
E‘ 8E [VVVIVIV VY phase sera. These two cases showed three distinct
A B R featufe_s mmp:lared to t.he u_sual NoV-associated gastro-
g = % 8 lzzz3332 22 enteritis; obsuna_uz m:ld_ diarrhea for 1 and 6 weeks,
& E S |VUVVINY WV long-term excretion of virus RNAs from patient A for
: E : ;i? gag‘r,a, a}nd b'talplgn :feb;ile c::vulsion& The detection
» o~ oVs in patient A indicated that his diarrhea was
= & %gc %%%%%%% %% related to NoV infection up to 33 days, but the direct
2 = relaltmn bhetween dhilmhea and NoV infection is then
3 = unclear, because NoV was not detected from fecal
_E %a %%%%%%% b% samples of diarrhea on the 40th day post-onset. In a
= recent study, Rockx et al. [2002] showed that children
= 4, ) und'er 1 year had a tendency toward long-term duration
? Sl .5, £ -E '§ of diarrhea up to the 28th day and excretion of the virus
2 E. 3 gene up to the 22_nd day. Some reports also showed the
3 g long—tarm duration of diarrhea in NoV infections in
5 i E- gta;l;ntzsoggidea 2 years [Sak:lidet 1;11.. 22301;1 Ts;legawa
o ) o “ . Our previous study showed that beni
.é g : " Qe E'g E-E gg a_febnle wnwﬂsion-a_lsswiated diarrhea in NoV inl'::
3 ElZ aa n.g 3 ds g § tions was observed in 6.7% of children under 2 years
2 & 3 3 [Iritani et al., 2003]. Primary NoV infection or age under
& £ 2 years may_bc related to those three distinet features,
f_'} _ 43 'E ..E pers':stenl diarrhea, viral excretion, and afebrile con-
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2 -E g g cE cagmdedred general infection cascsmth NoVs.
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S‘ % B g ¢ persistence for a long peric!d with low titer; the peak of
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il > |2 a3 high titer. This kinetics of serum antibody responses is
2 = 3 R similar to those seen in pr?vtuusstudies [Erdman et al.,
v 1989; Gray et al., 1994; Brinker et al., 1998, 1999]. Fecal
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Fig. 1. Phylogenetic tree based on the capsid N/S domain region (GI,
294 nt; GII, 282 nt) constructed using neighbor-joining method. N oV
strains for VLP and reference strains are rtpmenl.cd in boldface and
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IgA antibodies specific to rINAV were detected from the
18th day post-onset. This specific fecal [gA seems to be
followed by the reduction of PCR product or virus
excretion, suggesting that fecal IgA was effective in
the excretion of NoV.

The eross-reactivity of IgG in this study showed lower
reaction to the heterologous type within the genogroup.
Many serological studies in adults or children also
demonstrated cross-reactivity within and between the
genogroups [Treanor et al., 1993; Noel et al., 1997; Hale
et al., 1998; Smit et al., 1999; Farkas et al., 2003; Rockx
et al., 2005a]. Some reports showed that cross-reactivity
was stronger or limited to the genogroups [Noel et al.,
1997; Hale et al., 1998; Farkas et al., 2003]. In antibody
ELISA using VLPs and their hyperimmune serums, low
levels of cross-reaction were observed [Kamata et al.,
2005; Hansman et al., 2006]. These findings indicated
that NoV strains had a common epitope to stimulate the
production of IgG. The common epitopes within and
between the genogroups were previously described
[Kitamoto et al., 2002; Yoda et al., 2003, Parker et al.,
2005]. Yoda et al. [2003] described that the common

U04469; Erfurt/00/DE, AF427118; Fayetteville8/US, AY113106;
Hawaii/71/US, U07611; Hesse3/97/DE, AF093797; Hillingdon/90/UK,
AJ277607; IdahoFalle/®6/US, AY054299; Leeds®0/UK, AJ277608;
Lordsdale/®3/UK, X86557; Melksham/94/UK, X81879; Musgrove/89/
UK, AJ277614; Norwalk/68/US, MB7661; Seacrof/80/UK, AJ277620;
Southampton/91/UK, LO7418; Toronte/91/CA, U02030; Valetta/85/
MA, AJ277616; Warlley®0/UK, AJ277618; Wmchesmrmwl{,
AJ277809.

epitope between genogroups may be located in the
N-terminus of capsid protein. This region is highly
conserved and located in the inner part of capsid protein
surrounding the RNA genome [Prasad et al., 1999].
From the above results, cross-reactivity between geno-
groups may be difficult to produce.

As described in previous reports [Parker et al., 1994a,
1995; Smit et al., 1999], antibodies to NoVs were acquired
at a young age and had cross-reactivity; therefore, it is
unclear whether cross-reactive antibodies occurred after
single infection, or after multiple infections with different
genotypes of NoV. Our study demonstrated that cross-
reactive antibodies to heterologous types were produced
after primary single infection. We could observe that the
production of IgG to the heterologous type was later and
lower than the homologous type, and had a time lag in
patient A. The time lag of IgG production may be related
to antigenic differences among these GIl NoV strains.
The seroconverted against r809 of IgG and IgA in a serum
of patient A at 2 years and 10 months are uncertain
because the serum was obtained too long after the last
serum sample was negative.

J. Med. Virol. DOI 10.1002jmv
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A serum sample from patient A at 2 years and 10
months had IgG antibodies to the homologous type with
a high titer and the heterologous type within the
genogroup with a low titer. The existence of IgG
antibodies to VLPs may have been maintained without
re-infection or emerged from re-infection. Patient A
might have been re-infected with GII/4 NoV or other GII
NoV excluding these seven genotypes in GII, because
the IgG titer to the heterologous type was >twofold
higher and IgM responses were not observed. The data
of IgG analysis suggested that the cross-reactivity of IgG
is produced in the primary infection and then the level of
1gG against NoVs will be raised each time NoV infection
oceurs throughout life.

IgM and IgA antibody responses were specific to the
homologous genotype. Previous studies using adult sera
also suggested that serum IgM and IgA antibodies might
be more specific for the homologous type than the
heterologous type [Parker and Cubitt, 1994b; Brinker
$38 23 et al., 1998, 1999; Hale et al., 1998, Rockx et al., 2005a;
- Tsugawaetal., 2006]. To interpret the cross-reactivity of
IgM and IgA, further investigations are needed based on
cases of NoV primary infection.

Recent studies have shown that HBGA may function
as receptors of NoV through outbreak investigation
[Hennessy et al., 2003; Rockx et al., 2005b] and volunteer
challenge studies [Hutson et al., 2002; Lindesmith et al.,
2003]. The relation between HBGA and immune response
to NoV infection was unknown, because the HBGA type of
these two patients was unknown, but these are cases,
which were naturally infected with NoV and the typical
symptoms appeared, and will represent general immune
response to primary NoV infection. This is the first study
on humoral immune response in putative primary NoV
infection using 11 different antigenic and genetic types of
§ VLPs. Our data will improve understanding of the

Other VLPs
NT
NT
NT
NT

Existence of specific
fecal IgAEm

rNAV (GII4)

+

NT
+
+

NT

NT

NT

Other VLPs
<50
<50
<50
<50
<50
<50
<B0
<50
<50

IgA
r809 (GIU3) rNAV (GIL4)
<b0 <b0

<50 50
<50 ,600
<50 B00
<50

<50

50
<50
<50

Reciprocal of serum dilution

Other VLPs
<50
<50
<b0
<50
<60
<50
<50
<50
<50

TABLE II1. Detection of Serum IgM, IgA, and Fecal IgA to the 11 VLPs in Infantile Patients by ELISA

§ humoral immune response to NoV infection. However,
glg § § 88 82 only two cases were examined in this study. To interpret
> |vE _aguc% VV OV V ; the immunity for NoV infection, further investigations at
< E the human level are needed.
B
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