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Abstract

A birth cohort design was used to understand whether heterotypic ligand-blocking norovirus
antibodies provide cross-protection within the GII genogroup. We found that almost one-half of
children who experienced a norovirus Gl episode had preexisting antibodies heterotypic to the
infecting genotype; therefore, these antibodies did not provide cross-protection.
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Noroviruses cause a substantial burden of disease in children. Despite this high disease
burden, currently, there are no licensed vaccines against norovirus, although vaccine
candidates targeting children are under development. To inform vaccine development, it
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is helpful to understand patterns of natural protection against norovirus, including whether
there is cross-protective immunity between different norovirus genotypes.

Birth cohorts provide a unique opportunity to understand the development of immunity

and patterns of protection; newborns can be followed for infectious outcomes alongside
immunological assessments [1, 2]. We used a birth cohort platform to evaluate the role

of preexisting homotypic and heterotypic immunity in protection against future norovirus
episodes. We focused on genogroup |1, which is associated with a higher disease burden
than genogroup I. Specifically, we were interested in whether within-genogroup heterotypic
blocking antibodies present at the time of exposure confer protection. Since noroviruses
cannot easily be grown in cell culture, we used a surrogate neutralization assay measuring
antibodies blocking attachment factors, histo-blood group antigens (HBGA). This assay has
been shown to correlate with protection in norovirus challenge studies [3]. The results may
provide insights into the breadth of immunity needed to be induced by future norovirus
vaccines.

METHODS
Study Design

The study used samples from a birth cohort of 444 children in Le6n, Nicaragua between
2017 and 2019 [4]. Cohort children were visited weekly in their homes to assess for acute
gastroenteritis (AGE) episodes, defined as an increase in stool frequency to >3 stools in

a 24-hour period or a substantial change in stool consistency and/or vomiting. Stool was
collected during each AGE episode. Serum was obtained at the ages of 6 weeks, 5 months,
12 months, and every 6 months thereafter until the end of the study. Saliva was collected at
6 months of age to identify secretor and Lewis status of children, known to be associated
with differences in susceptibility to norovirus based on host HBGA phenotypes [5]. Ethical
approval was received from the Institutional Review Boards of the National Autonomous
University of Ledn and the University of North Carolina at Chapel Hill.

Virus Detection and Genotyping

Viral RNA was extracted from stools using QlAamp Viral RNA Mini Kits (Hilden,
Germany) and tested by reverse-transcriptase quantitative PCR (RT-qPCR) for Gl and Gl
noroviruses, rotavirus, sapovirus, and astrovirus, as described previously [4]. Norovirus
Gll-positive samples with Ct values <33 underwent sequencing [6] and were genotyped
using an online typing tool [7].

Blockade of Virus-like Particle Ligand-binding Assays

Sera collected before each AGE episode with 1 of the 3 most commonly detected Gl
genotypes, Gll.4, GI1.12, and GI11.17, were tested in a surrogate neutralization assay for
blockade of virus-like particle (VLP) binding to HBGA, as described previously [8]. HBGA
ligand substrates were human B saliva for GI1.12 VLPs and porcine gastric mucus (PGM)
for GIl.4 and GI1.17 VLPs. The percentage of VLP binding in the presence of serum was
compared to binding in the absence of serum. Mean IDsgg titers and 95% confidence intervals
(CI) were determined from normalized dose-response sigmoidal curves fit in GraphPad 9.1
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(San Diego, CA, USA). Sera that did not block at least 50% of VLP binding to ligand at
the lowest dilution tested were assigned a titer equal to 0.5 times the limit of detection for
statistical analysis.

Statistical Analysis

RESULTS

We compared the difference in mean age at the time of AGE episodes using a one-way
ANOVA test. We used the Tukey-Kramer test to make pairwise comparisons between groups
of unequal size. We estimated the percentage and 95% CI of children who had either
homotypic or heterotypic antibodies to the infecting norovirus genotype. Geometric mean
titers (GMT) of IDgq blockade antibodies were compared between the groups of children
experiencing Gl1.4 vs non-Gll.4 norovirus episodes using the Mann-Whitney Utest for
non-parametric data. In the analysis of preexisting non-Gl1.4 antibodies among children
experiencing a Gl1.4 norovirus episode, the antibody level to the heterotypic VLP with the
highest IDsq value (either GI1.12 or GI1.17) was used.

The 444 cohort children experienced 1312 AGE episodes between June 12, 2017 and
November 6, 2019. All children were breastfed for some amount of time (median duration
of any breastfeeding: 9.9 months). For 88% of AGE episodes (n = 1151), a stool sample
was collected and screened by RT-gPCR (Figure 1). Ten percent (n = 113) of the AGE
stools tested positive for GII norovirus; of these, 77 were genotyped. The most common
GlI genotypes identified were Gll.4 Sydney [P16 or P31] (n = 45), GII.12 [P16] (n = 14),
and GI1.17 [P13 or P17] (n = 8). Each child contributed 1 stool sample. Of the 67 children
experiencing a norovirus episode with 1 of these 3 most common Gl genotypes, 41 [Gl11.4
(n =31), GIl.12 (n = 4), GII.17 (n = 6)] had a serum collection before the norovirus AGE
episode with sufficient volume for analysis. These sera were collected a mean of 3.8 months
before the norovirus AGE episode.

The 41 children had a mean age of 11.6 months (range: 2.6-28.8 months) at the time of
their norovirus AGE episode and 63% were males. GI1.17 episodes occurred at an older

age (mean 18.6 months) than GlI.4 or Gll1.12 episodes (mean 10.9 months, £=.0011 and
6.0 months, £=.0002, respectively). The children were similar in terms of host HBGA
phenotypes: all children were secretors, 98% were Lewis B positive and 2% were Lewis
negative. Thirty-four children received 2 doses of oral monova-lent rotavirus vaccine, while
7 received 1 dose. Two norovirus-positive stools also tested positive for rotavirus; however,
the Ct values for norovirus (21, 22) were lower than for rotavirus (34, 34), and both children
had received rotavirus vaccine.

The 1Dsgq values of HBGA-blocking antibodies by genotype of the norovirus episode

are shown in Figure 2. Seventeen children [41% (95% CI: 26%, 57%)] had preexisting
antibodies to a genotype heterotypic to the infecting genotype and 6 children [15% (95%
Cl: 3%, 26%)] had preexisting antibodies to the same genotype as the infecting genotype.
The children who developed Gl1.4 episodes had lower GMT of preexisting Gll.4-specific
antibodies [GMT = 13.3 (95% ClI: 9.5, 18.8)] as compared to children who developed either
GI1.12 or GI1.17 episodes [GMT = 173.4 (95% ClI: 32.6, 921.1), = .0001]. Children who
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developed Gl11.12 or GI1.17 episodes had a similar GMT of preexisting homotypic antibodies
[GMT =16.3 (95% ClI: 9.3, 28.7)], as compared to preexisting G11.12 and GI1.17 antibodies
among children who developed Gl1.4 episodes [GMT = 31.1 (95% ClI: 15.3, 63.3), A= .68].

DISCUSSION

Almost one-half of young children who experienced a GlI norovirus episode had preexisting
heterotypic blocking antibodies to other GII genotypes tested, showing that these heterotypic
antibodies did not provide cross-protection against other Gll episodes. Prior adult challenge
studies showed no cross-protective immunity between genogroups [9], but little is known
about cross-protective immunity within the same genogroup. Our findings complement

a prior study by Malm, et al, which found that preexisting GI1.4 binding was lower in
children infected with Gl11.4 compared to those infected with other genotypes, and binding
activity correlated with blockade activity [10]. This is the first study to provide information
on preexisting blockade antibody levels to other genotypes within the same genogroup
alongside weekly surveillance with PCR detection of norovirus AGE episodes.

Our immunological findings agree with 2 epidemiological studies from Peru, which found
that repeat norovirus infections by different genotypes within the same genogroup were
common [11] and that prior infections with GI1.4 and GI11.17 noroviruses did not protect
against future GI1.17 and Gl1.4 infections, respectively [12]. In contrast to the Peruvian
studies, the current study based its findings on blockade responses to norovirus VLPs in
serum. Patterns of protection may be different in adults; a clinical trial of the candidate
G1.1/Gll.4c norovirus vaccine in adults showed that the vaccine protected against Gl1.2
norovirus episodes [13]. It is possible that the vaccine boosted existing GI1.2 immunity, or
that antibody specificity in adults with multiple prior exposures is broader than found in
naive children.

We also detected homotypic antibodies in 6 of the 41 infants before their norovirus episode.
In a post hoc analysis, we examined titers of maternal serum antibodies in the 5 infants
with pre-episode serum collection at 5 months of age or younger, and found that all but

one of the mothers had higher antibody levels than their corresponding infant, suggesting
that antibodies detected were likely maternal in origin, and would wane in the time between
serum collection and the norovirus episode.

A limitation of the study is that there were 3.8 months on average between serum collection
and the AGE episode. It is possible that additional infections could have been acquired
during the intervening period. Also, we did not measure norovirus-specific antibody levels in
breastmilk, which could have played a role in protection against norovirus. Strengths of the
study include a population-based sample of children, AGE surveillance with PCR detection
of norovirus episodes, and the measurement of antibodies to a panel of GIl VLPs using a
surrogate neutralization assay found to correlate with protection against disease [1].

In summary, heterotypic norovirus Gl HBGA-blocking serum antibodies were commonly
found in young children before Gl episodes. Our findings have implications for pediatric
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norovirus vaccines, suggesting that vaccines may need to induce blockade antibodies to
multiple GII genotypes to provide broad GlI protection.
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Figurel.

Selection of norovirus Gll episodes for serum blocking antibody analysis.
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Figure2.
Preexisting homotypic and heterotypic GlI histo-blood group antigen (HBGA)-blocking

antibody levels in children experiencing norovirus Gll episodes. Top panel—Preexisting
homotypic and heterotypic GII HBGA-blocking antibody levels in 31 children experiencing
Gl1.4 episodes (homotypic = Gl1.4, heterotypic = either G11.12 or GI1.17; if antibodies

to both genotypes were detected, the genotype with higher titers is shown in the figure).
Bottom panel—Preexisting homotypic and heterotypic Gl HBGA-blocking antibody levels
in 10 children experiencing GI1.12 or GI1.17 episodes (homotypic = GI1.12 or GII.17,
respectively, heterotypic = GI1.4 or either GII.17 or GII.12, respectively; if more than 1
heterotypic antibody was detected, the genotype with higher titers is shown in the figure).
IDs5 was determined by dose-response curve fit of non-linear data, normalized to the

mean percentage control binding. For heterotypic antibody levels, the antibody level to the
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heterotypic virus-like particle (VLP) with the highest 1Dsg value is included in the figure.
The marker on the x-axis indicates 1 participant. The dashed line indicates the lower limit of
detection.
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