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INTRODUCTION 84 85

Noroviruses (NoVs) are common causative agents of acute non-bacterial gastroenteritis in children 86 and adults worldwide [START_REF] Green | Caliciviridae: the noroviruses[END_REF]. After rotavirus, NoVs are the major cause of paediatric 87 gastroenteritis, often requiring hospitalization [START_REF] Pang | Human calicivirus-associated sporadic gastroenteritis in 510 Finnish children less than two years of age followed prospectively during a rotavirus vaccine trial[END_REF][START_REF] Moreno-Espinosa | Human caliciviruses and pediatric gastroenteritis. 491[END_REF]. 88

NoVs belong to a genetically diverse family of Caliciviridae and there are currently at least 25 NoV 89 genotypes infectious to humans, of which 8 belong to genogroup GI and 17 to genogroup GII 90 [START_REF] Zheng | Norovirus classification 545 and proposed strain nomenclature[END_REF]]. The prevalence of genotypes fluctuates annually [START_REF] Gallimore | Inter-seasonal diversity of 428 norovirus genotypes: emergence and selection of virus variants[END_REF] but 91 during the last decade variants of the GII-4 genotype have become the dominant genotypes in NoV 92 epidemics worldwide [START_REF] Siebenga | Norovirus 530 illness is a global problem: emergence and spread of norovirus GII.4 variants, 2001-2007[END_REF]. 93 94

The inability to grow NoVs in in vitro cell cultures [START_REF] Duizer | Laboratory efforts to 417 cultivate noroviruses[END_REF]] has impeded the 95 development of serotype-specific antibody assays. Thus, NoV capsid antigens used in serological 96 diagnostic assays have to be produced by recombinant protein production techniques including 97 baculovirus-insect cell expression system [START_REF] Jiang | Expression, self-assembly, and antigenicity of the 454 Norwalk virus capsid protein[END_REF]. NoV capsid genes are cloned into the 98 baculovirus genome and expressed in insect cells to yield capsid proteins which self-assemble to 99 form VLPs, mimicking the structural, antigenic and immunogenic properties of the native virus 100 [START_REF] Jiang | Expression, self-assembly, and antigenicity of the 454 Norwalk virus capsid protein[END_REF]. 101 102 NoV seroprevalence studies using NoV VLPs have been conducted in several countries worldwide 103 [START_REF] Gray | Prevalence of antibodies to 436 Norwalk virus in England: detection by enzyme-linked immunosorbent assay using baculovirus-437 expressed Norwalk virus capsid antigen[END_REF], Lew et al. 1994, Nakata et al. 1998, Jing et al. 2000, Talal et al. 2000, Kobayashi 104 et al. 2009]. The prevalence of NoV specific antibodies has been observed to follow an age-related 105 pattern [START_REF] Gray | Prevalence of antibodies to 436 Norwalk virus in England: detection by enzyme-linked immunosorbent assay using baculovirus-437 expressed Norwalk virus capsid antigen[END_REF], Jing et al. 2000, Talal et al. 2000]; children acquire antibodies against 106

NoV at an early age and almost 100% of adults have NoV-specific antibodies [START_REF] Jing | Seroprevalence against Norwalk-like human 461 caliciviruses in beijing, China[END_REF]. 107 To distinguish primary from recurrent infections, the avidity of the immunoglobulin G (IgG) 109 antibodies may be determined [START_REF] Gutierrez | Are IgG antibody avidity assays useful in the diagnosis of infectious 443 diseases? A review[END_REF]Maroto. 1996, Kanno and[START_REF] Kanno | Immunoglobulin G antibody avidity assay for serodiagnosis of 464 hepatitis C virus infection[END_REF]. The 110 significance of antibody level or avidity as a correlate for protection from NoV infection is not 111 clear but some studies have shown that high preexisting IgG levels may be protective in children 112 but not in adults [START_REF] Ryder | Evidence of 524 immunity induced by naturally acquired rotavirus and Norwalk virus infection on two remote 525 Panamanian islands[END_REF], Gray et al. 1994, Lew et al. 1994]. In the absence of a cell 113 culture model, a surrogate NoV neutralization antibody assay is used to demonstrate the ability of 114 antibodies to block the binding of NoV VLPs to ABH histo-blood group antigens (HBGAs) [Rockx 115 et al. 2005[START_REF] Cannon | Herd immunity to 414 GII.4 noroviruses is supported by outbreak patient sera[END_REF]. HBGAs likely play an important role in virus entry to the gut 116 mucosal cells being the docking site or receptor for NoVs [START_REF] Harrington | Binding of Norwalk virus-like 446 particles to ABH histo-blood group antigens is blocked by antisera from infected human volunteers 447 or experimentally vaccinated mice[END_REF]. High blocking 117 ability of the antibodies has been suggested to correlate with protection against infection 118 [START_REF] Harrington | Binding of Norwalk virus-like 446 particles to ABH histo-blood group antigens is blocked by antisera from infected human volunteers 447 or experimentally vaccinated mice[END_REF][START_REF] Lindesmith | Human susceptibility and resistance to Norwalk virus infection[END_REF], LoBue et al. 2006 linked immunosorbent assays (ELISA). The VLPs were produced using baculovirus-insect cell 153 expression system as described previously [START_REF] Jiang | Expression, self-assembly, and antigenicity of the 454 Norwalk virus capsid protein[END_REF]]. VLP production and purification are 154 described in details elsewhere [T. Koho et al., manuscript Sera were tested for anti-GII-4 and anti-GII-12 immunoglobulin G (IgG) and immunoglobulin A 161 (IgA) by ELISA as previously described [START_REF] Iritani | Humoral immune responses against norovirus infections of children[END_REF]] with modifications. VLPs were used to 162 coat (4°C overnight) 96-well microtiter plates (Nunc Immuno Maxisorp,Thermo Fisher Scientific 163 Inc., Waltham, MA, USA) in 0.01 M carbonate-bicarbonate buffer (pH 9.6) at a concentration 0.5 164 µg/ml for IgG and 2 µg/ml for IgA detection (100 µl/well). The optimal antigen concentration for 165 coating was determined in preliminary experiments by testing serial dilutions of the antigens with 166 positive and negative sera and plotting saturation curves. After washing three times with 10 mM 167 phosphate buffered saline (PBS) containing 0.05% Tween 20 (PBS-T) the plates were blocked at 168 room temperature (RT) for 1 h with PBS containing 5% skimmed milk (Sigma-Aldrich, St. Louis, 169 MO, USA). The wells were then washed three times with PBS-T and incubated 1 h at 37°C with 170 100 µl of serum diluted 1:100 or two-fold dilution series in PBS-T containing 1% skimmed milk. 171 All serum samples were tested in duplicate wells. After washing six times, horseradish peroxidase 172 (HRP) conjugated anti-human IgG or IgA (Zymed, Invitrogen, Carlsbad, CA, USA) diluted 1:4000 173 in 1% milk in PBS-T was added to the wells. After incubation (1 h, 37°C) the plates were washed 174 and o-phenylenediamine dihydrochloride (SIGMAFAST OPD, Sigma-Aldrich) substrate was added 175 at a concentration of 0.4 mg/ml. The plates were incubated at RT in the dark for 30 minutes and the 176 reaction was stopped with 2 M sulphuric acid (H 2 SO 4 ). Absorbance (optical density, OD) at a 177 wavelength of 490 nm was measured in a microplate reader (Victor 2 1420, Perkin Elmer, Waltham, 178 MA, USA). One known positive and one known negative serum sample was added to all plates as 179 controls. Background signal from the blank wells (wells without serum) was subtracted from all of the 180 OD readings at a plate. A sample was considered positive if the net absorbance value was above the 181 set cut-off value, calculated as follows: > 2x mean OD readings from the negative control serum 182 wells at the same dilution and at least 0.100 OD. Negative antigen control wells included Sf-9 mock 183 antibodies [START_REF] Kanno | Immunoglobulin G antibody avidity assay for serodiagnosis of 464 hepatitis C virus infection[END_REF]. After incubation of sera on VLP coated plates the sera 188 were aspirated from the plate and 8 M urea in PBS-T was added. After 5 minutes of incubation the 189 treatment was repeated. Plates were washed 4 times prior to the addition of HRP-conjugated anti-190 human IgG as described above. The avidity index was calculated as [OD with urea/OD without 191 urea] x 100% and the index value >50% was considered as high avidity. 192 193

Carbohydrate blocking assay 194 195

The assay for blocking the binding of HBGAs to NoV VLPs with human serum was performed as 196 described previously [START_REF] Harrington | Binding of Norwalk virus-like 446 particles to ABH histo-blood group antigens is blocked by antisera from infected human volunteers 447 or experimentally vaccinated mice[END_REF]. Briefly, microtiter plates were coated with VLPs in PBS (pH 7.2) at a concentration of 2 µg/ml and incubated 4 h at RT. After washing, the 198 plates were incubated with 5% milk in PBS overnight at 4˚C for blocking. Sera diluted 1:100 were 199 added to the wells and the plates were incubated 1 h at 37°C and then aspirated from the plate. 100 200 µl of biotinylated H-type-3 or Lewis B (for negative control) (Lectinity Holdings,Inc.,Moscow,201 Russia) were added at a concentration of 40 µg/ml in 1% milk in PBS-T. After 4 h at 37°C the wells 202 were washed and a 1:2000 dilution of streptavidin-conjugated HRP (Thermo Fisher Scientific Inc.) 203 was added and incubated 1 h at 37°C. The development of the colour reaction and the measurement 204 of absorbance at a wavelength 490 nm were conducted as described above. OD reading from the 205 wells incubated without serum was considered as a maximum signal for the binding of H-type 3 to 206 GII-4 VLP. No binding of VLPs to the negative control HBGA (Lewis B) was detected. 207 antibodies was detected in the primary infections whereas the highest frequency was observed in the 259 recurrent infections (P<0.001). All the adult control sera (n=6) contained high avidity antibodies 260 (data not shown). 261 262

Cross reactivity of NoV antibodies 263 264

To determine the immunological cross-reactivity of the sera the seroprevalence was assayed against 265 GII-12 which so far has not been reported in Finland [Maunula and Von Bonsdorff. 2005, S. 266 Räsänen et al., manuscript in preparation]. Of the GII-4 positive sera 70.8% were also IgG positive 267 against GII-12 VLPs. A subset of GII-4 IgA positive samples (96 out of 197) was tested and found 268 that 47.6% of these were IgA cross-reactive for GII-12. When the GII-12 antibody responses were 269 compared to the responses obtained with GII-4 VLPs a positive correlation was detected overall 270 (r=0.64) although the mean ODs were generally lower for GII-12-specific responses (data not 271 shown). Sera of the adult individuals were all positive for GII-12 (data not shown). Cross-reactivity 272 between the two genotypes was further confirmed using paired sera of three patients infected with 273 GII-4 NoV (Fig. 3). All the paired sera showed IgG seroconversion not only to GII-4 (Fig. 3A) but 274 also to GII-12 antigen, although with lower magnitude of the response (Fig. 3B). 275 (mean OD 0.66 ± 0.06) as well as antibody prevalence (47.3%, Fig. 1) were detected in the age 286 group 7-23 months (Fig. 4). In the age group 2-4 years mean OD level increased (1.11 ± 0.07) and 287 by the age of 14 years children had high levels of preexisting antibodies to NoV (mean OD 1.62 ± 288 0.10) in the majority of individuals (91.2%, Fig. 1) and the least infections (14.7%) (Fig. 4). 289

Therefore, a trend to a negative association between the incidence of infection and the level of pre-290 existing antibodies was observed. 291 292

Antibody blocking 293 294

Acute sera obtained from children infected during a waterborne outbreak of AGE in the town of 295 Nokia, Finland [START_REF] Räsänen | Mixed 517 viral infections causing acute gastroenteritis in children in a waterborne outbreak[END_REF] with NoV GII-4 or other agent causing acute gastroenteritis 296 were tested for blocking of the GII-4 VLPs binding to H-type-3 HBGA. Higher blocking activity 297 was seen in the sera of children not infected with NoV than in the sera of children with NoV 298 infection (P<0.05) (Fig 5A). In addition, blocking of the VLPs binding to H-type-3 antigen was 299 performed with 1:100 dilutions of paired sera from eight children with NoV gastroenteritis (Fig. 300 5B). The blocking activity increased after a recent NoV infection. The acute sera could block on 301 average 24.8% of the maximum GII-4 binding to H-type 3 whereas 61.6% of the binding was 302 blocked by the convalescent sera (P<0.05). 303 VLPs was stronger. Other reports also found that seroconversion can be observed in convalescent 336 sera using VLPs from genetically distinct virus from the one causing the primary infection [Belliot 337 et al. 2001]. Despite the cross-reactivity, greater seroresponses are detected against homologous 338 strain, and strains belonging to the same genogroup react more strongly than the strains across the 339 genogroups [START_REF] Treanor | Subclass-specific serum antibody responses to 538 recombinant Norwalk virus capsid antigen (rNV) in adults infected with Norwalk, Snow Mountain, 539 or Hawaii virus[END_REF], Farkas et al. 2003[START_REF] Lindesmith | Heterotypic humoral and cellular immune responses following Norwalk virus infection[END_REF]]. Because of the cross 340 reactive immunity and the presence of the pre-existing antibodies detected, ELISA method as the 341 one described in this study and routinely used by others [START_REF] Rockx | Characterization of the homo-and 521 heterotypic immune responses after natural norovirus infection[END_REF][START_REF] Iritani | Humoral immune responses against norovirus infections of children[END_REF] does 342 not give precise serotype-specific determination of the immune response. 343

344

The avidity and the level of NoV specific IgG antibodies are low after primary infections in young 345 children. The avidity increases with time and particulary as a result of repeated infections when 346 molecular evolution specifies the antigen binding domains of the antibodies to recognize the target 347 epitopes more precisely [START_REF] Murphy | The adaptive immune response[END_REF]]. Indeed, high avidity antibodies were detected in older 348 children and adults who are likely to have experienced NoV infections repeatedly throughout life. 349

The high avidity antibodies detected in infants less than 6 months of age presumably represent 350 transplancentally acquired maternal IgG antibodies [START_REF] Gray | Prevalence of antibodies to 436 Norwalk virus in England: detection by enzyme-linked immunosorbent assay using baculovirus-437 expressed Norwalk virus capsid antigen[END_REF], Numata et al. 1994]. The 351 results show that 20% of infants under 6 months of age already had NoV infection as judged by the 352 presence of NoV IgA antibodies. Such incidence of infection suggests that transplacentally acquired 353 IgG antibodies do not offer full protection. 354

355

The present study showed that children who were exposed to NoV in a waterborne outbreak of 356 AGE [START_REF] Räsänen | Mixed 517 viral infections causing acute gastroenteritis in children in a waterborne outbreak[END_REF]] but were not infected by NoV, had higher blocking activity of GII-4 357 NoV infection has been hypothesised to be associated with a short-term immunity to NoV infection 361 [START_REF] Rockx | Characterization of the homo-and 521 heterotypic immune responses after natural norovirus infection[END_REF]]. The results shown in the current study also suggest that high blocking activity 362 of VLPs binding to HBGA in the acute serum may confer protection against reinfection. Blocking 363 activity of the antibodies may be a relevant surrogate marker of NoV protection when considering 364 different vaccine approaches. 365 366 In this study, the majority of sporadic NoV cases treated in hospital occurred in children 7-23 367 months of age. This age group also had the lowest pre-existing antibody levels. Therefore, a trend to 368 a negative correlation between the susceptibility to NoV infection and pre-existing IgG antibodies 369 was observed. A previous study conducted in Finland [START_REF] Lew | Detection of 470 Norwalk virus or Norwalk-like virus infections in Finnish infants and young children[END_REF]] suggested that children with 370 low NoV-specific IgG titers (<1:50) are more susceptible to NoV infection in the next 10 months 371 than children with higher titers (>1:50). In the current study it was shown that older children with 372 higher NoV specific antibody levels and avidity had also fewer infections than children less than 2 373 years old. It may be speculated that NoV infections before the age of two years induce protection 374 for later ages as the children develop protective immune response to NoV. This is in support of the 375 concept of NoV vaccination in young infants in order to decrease the burden NoV of infection as 376 well as the hospitalization cases due to NoV gastroenteritis. 377 

  this study was to determine the seroprevalence of NoV GII-4 IgG and IgA 121 antibodies in Finnish children, and to study if the magnitude and the avidity of the antibodies 122 correlate with susceptibility to infection. In addition, cross-reactivity of NoV antibodies between a 123 common (GII-4) and a rare (GII-12) genotype was investigated. 492 acute stage sera were collected from 0 to 14 year-old children hospitalized for AGE 138 in Tampere University Hopital and Kuopio University Hospital from August 2006 to August 2008 139 [S. Räsänen et al., manuscript in preparation]. The study protocol and consent forms had been 140 approved by the ethics committee in the Pirkanmaa hospital district in 2006 and the patients or the 141 legal guardians volunteered for the study after having given an informed consent. NoV infection 142 was detected in the stool samples of 97 children by reverse transcription (RT)-PCR which is 143 described in details elsewhere [S. Räsänen et al., manuscript in preparation]. Paired serum samples 144 were obtained from 14 of the children with NoV infection. Acute sera were collected within five 145 days and convalescent sera 2-6 weeks after onset of the disease. In addition, acute sera from six 146 adults were collected as a control. The sera were kept at -20° C before testing. in the format of VLPs of the two NoV genotypes, GII-4 [004/95M-151 14/1995/AU] and GII-12 [HU/NLV/Wortley/90/UK] were used as coating antigens in enzyme-152

  cell lysate and were routinely <0.100 OD. A seroconversion was 184 considered as a ≥4-fold rise in the titer between acute and convalescent sera. 185 186 To determine the IgG avidity of NoV antibodies a urea elution was used to remove the low avidity 187

  the blank wells (wells lacking HBGA) was subtracted from all of the OD 208 values of tested samples. chi-square test was performed to examine the differences in antibody prevalence between 213 age groups. Student's t-test was used to assess the intergroup differences in antibody magnitude and 214 avidity. All hypothesis testing was two-tailed. Pearson's correlation coefficient was used to 215 determine the correlation between GII-4 and GII-12 specific antibody levels. Mann-Whitney U-test 216 was used to compare the intergroup differences in the blocking ability of the sera. Statistical 217 significance was defined as P<0.05. serum specimens 63.4% and 38.9% sera were positive for GII-4 specific IgG and IgA, 237 respectively. The age-related seroprevalence is shown in Figure1. The prevalence of IgG antibodies 238 to GII-4 was 66.7% in the age group 0-6 months and 47.3% in the age group 7-23 months. After the 239 age of two years the prevalence increased to 73.1% and continued to increase up to 91.2% in 240 children 5-14 years of age. The NoV IgG antibody prevalence in the age group 7-23 months was 241 significantly lower compared to the other age groups (P<0.001 to 0.05). The corresponding 242 seroprevalence for GII-4 specific IgA antibodies was low (20.8%) in infants 0-6 months of age and 243 rose with increasing age. Overall the prevalence for IgG was significantly higher in each age group 244 compared to IgA seroprevalence (P<0.001 to 0.05). Samples positive for both IgG and IgA were 245 detected in 16.8% of 0-6 months old infants, 20.5% of 7-23 months old, 51.3% of 2-4 years and 246 79.4% of 5-14 years old children (data not shown). IgG and IgA GII-4 specific antibodies were 247 detected in 100% of the adult sera (Fig.1of NoV IgG antibodies in the three age groups representing newborns (0-6 252 months of age), presumable primary/recent infections (7-12 months of age) and recurrent infections 253 (9-14 years of age) are shown on Figure2. High avidity IgG antibodies (mean avidity index 61.5 ± 254 5.1%) were detected in infants <6 months of age. The mean avidity index was significantly lower in 255 children aged 7-12 months (40.4 ± 3.9%) than in children aged 0-6 months (P<0.05). The highest of 256 all mean avidity indexes (85.6 ± 4.5%) were detected in older children, who had most probably 257 infections during their lifetime. The lowest frequency of the high avidity 258

  children encountered in hospital because of AGE, 97 (19.7%) were diagnosed with NoV 279 infection by RT-PCR [S.Räsänen et al., manuscript in preparation]. The incidence of NoV 280 gastroenteritis was highest in children aged 7-23 months (53 out of 97 cases; 54.6%). Of these cases 281 60.4% were primary infections as judged by the absence of NoV antibodies at the acute stage while 282 had pre-existing antibodies to NoV. To determine the possible protective effect of the pre-283 existing NoV-specific antibodies against a subsequent NoV infection the OD values in the different 284 age groups obtained in ELISA IgG assay were compared. The lowest pre-existing antibody level 285

  a NoV infection. The increase in the blocking ability of the serum after the 360
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	155	in preparation]. The morphology and the
	156	antigenicity of the VLPs produced were verified with electron microscopy and western blot (data
	157	not shown).

preparation]. In addition, these results imply the existence of highly conserved antibody epitopes

between the genotypes within a genogroup. We also showed that a seroconversion caused by 

infection could be detected with a heterotypic antigen (GII-12) although the response to homotypic
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