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Editorial

Noroviruses (NoVs) are a common cause 
of acute gastroenteritis in humans, with an 
estimated 21 million cases occurring in the 
USA annually [1]. Although the disease is 
often self limited and recovery is the rule, 
NoV infection is estimated to cause up to 
10% of hospitalizations for gastroenteritis 
in the USA [2], up to 200,000 deaths in 
children under 5 years of age in developing 
countries [3], and mortality in the elderly 
[4]. The morbidity and mortality associ-
ated with infection highlights the need for 
the development of strategies to prevent 
NoV infection. Our recent report describ-
ing the efficacy of a NoV vaccine candi-
date made of virus-like particles (VLPs) 
is a step in that direction [5].

Norovirus is a genus in the family 
Caliciviridae. The genus is divided into 
five genogroups (I–V), of which three (I, 
II and IV) contain human viruses [6]. Each 
genogroup is further divided into geno-
types based upon analysis of the complete 
amino acid sequence of the major viral 
capsid protein, VP1. Norwalk virus, the 
prototype human NoV, is classified as a 
genogroup I, genotype 1 (or GI.1) virus. 
The human NoV strains cannot be propa-
gated in vitro, so it has not been possible 
to determine whether the genetic clas-
sification into genotypes has biological 
significance such as through the use of 
neutralization assays for serotyping.

Histoblood group antigens (HBGAs) 
are glycans that are found on the surface of 
epithelium, and their expression influences 
susceptibility to infection with certain 

NoVs, in that failure to express certain 
HBGAs owing to a nonfunctional glyco-
sylase has been associated with absolute 
resistance to infection (e.g., Norwalk virus 
and fucosyl transferase 2 [7]). HBGAs have 
been proposed to be an attachment fac-
tor or receptor for these NoVs. Adaptive 
immunity also influences susceptibility 
to infection in that the presence of serum 
antibodies that bind to VLPs and then 
inhibit binding of VLPs, a virus surrogate, 
to the HBGAs, have been associated with a 
decreased risk of infection and illness fol-
lowing exposure to the virus [5,8,9]. This 
serum antibody-blocking assay is proposed 
to represent a surrogate for virus neutrali-
zation. The observation that the presence 
of serum antibody that blocks VLP bind-
ing to HBGA reduces the risk of illness 
contrasts with the lack of correlation of 
pre-existing serum antibody (as measured 
by ELISA) with protection from infection 
[9,10]. The duration of immunity follow-
ing infection has been up to 6 months 
but less than 2 years based upon relatively 
small human experimental infection 
studies [10,11].

NoV VLPs have been suggested as 
a vaccine candidate since their initial 
description 20 years ago. The VLPs are 
nonreplicating particles that lack the viral 
genome. Preclinical studies showed the 
VLPs are immunogenic by parenteral, 
oral or intranasal routes and serum and 
mucosal antibodies were induced, the 
latter response being more vigorous if the 
VLPs were administered with a mucosal 
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adjuvant [12]. Administration of Norwalk virus VLPs to people 
by the oral [13,14] or intranasal [15] route led to measurable serum 
antibody responses. The latter vaccine was then examined in 
a proof-of-concept efficacy trial in which healthy adult study 
participants received either two 100 µg doses of adjuvanted 
Norwalk virus VLP vaccine or placebo intranasally 3 weeks apart 
[5]. All eligible participants were then administered approximately 
ten-times the dosage of Norwalk virus needed to infect 50% of 
persons. The vaccine induced a fourfold or greater serum IgA 
antibody response in 70% of recipients, although fourfold increases 
in antibody that blocked VLP binding to HBGA occurred in 
32% of vaccinees. Vaccine recipients were significantly less likely 
to become ill if infected compared with placebo recipients (37 
vs 69%, respectively; p = 0.006) and were also less likely to be 
infected (61 vs 82%, respectively; p = 0.05). Higher levels of 
serum antibody that blocked binding of VLPs to HBGA (titer 
≥200) were associated with greater relative reductions in risk of 
illness and infection (72 and 57%, respectively [5]).

The clinical study results demonstrate that it is possible to 
prevent NoV-associated illness and infection via vaccination. It 
specifically showed homotypic protection since the VLPs and the 
challenge virus were from the same strain. However, there are a 
number of questions that still need to be addressed in order to 
demonstrate the feasibility on a large scale of preventing NoV-
associated disease through vaccination. One of the first is to 
determine whether vaccine immunogenicity can be improved 
and, by doing so, can vaccine efficacy be improved. In dose esca-
lation studies of the intranasal vaccine, the highest vaccine dose 
tested (100 µg) was associated with the most frequent immune 
seroresponses, but only 15 out of 19 (79%) vaccinees had fourfold 
or greater increases in IgA antibody levels (a frequency similar 
to that observed in the vaccine efficacy study [15]). Fourteen out 
of 19 (74%) had fourfold or greater responses, as measured by 
hemagglutination inhibition, with a geometric mean fold rise of 
9.1 at the 100 µg dosage level. Administration of VLPs by the 
oral route generated a similar magnitude of response (geometric 
mean fold rise = 6.5) at a dosage level of 250 µg, and responses 
were not increased further by the administration of dosage lev-
els up to 2 mg [13,14]. Parenteral administration may improve 
seroresponse frequencies and the magnitude of the antibody 
response, a concept that is currently being evaluated in a clini-
cal trial (NCT01168401 [101]). If the frequency and magnitude 
of response improves following intramuscular vaccination, the 
protective efficacy of this alternative route of administration will 
then need to be determined.

As noted earlier, NoVs have extensive antigenic and genetic 
diversity, with more than 25 genotypes recognized among the 
three genogroups containing human viruses. In addition, there 
is evidence that NoVs in some genotypes undergo antigenic 

drift in a fashion similar to that observed for influenza. This 
phenomenon has been best described for the GII.4 NoVs, the 
most prevalent circulating NoV genotype, and has possible 
implications for the development of successful vaccines [16,17]. 
The diversity of NoV genotypes and the antigenic drift within 
a genotype raise questions as to how many different strains will 
need to be included in a broadly effective vaccine and whether 
and how often the vaccine will need to be updated. Serological 
studies of persons infected with Norwalk virus have shown 
the occurrence of cross-reactive antibody responses that block 
binding of other genogroup I (GI.2, GI.3 and GI.4) NoVs to 
HBGAs, suggesting that infection with Norwalk virus may 
lead to increases in ‘protective antibody’ levels against other 
genogroup I strains [18]. Similar evaluations of vaccine responses 
are needed. The NoV capsids do contain epitopes that can elicit 
monoclonal antibodies that are cross reactive and that bind to 
many different genotypes of VLPs [19]. In fact, such monoclonal 
antibodies are used in diagnostic assays to detect infections with 
a range of NoV strains. Thus, cross-reactive antibodies may 
be induced following vaccination. On the other hand, cross-
protection studies conducted in the 1970s found that infection 
with a NoV from one genogroup (Norwalk virus, a GI.1 strain) 
did not prevent infection with a NoV of a different genogroup 
(Hawaii agent, a GII.1 strain [20]). These results suggest that 
a broadly effective vaccine will need to include a minimum of 
two virus strains representing the two major human genogroups 
(I and II).

Another important next step in NoV vaccine development 
will be to extend the findings observed in the controlled study 
of young healthy adults to other populations. All adults in the 
first successful trial had pre-existing antibodies from previous 
infections [5]. Whether immunological priming from previous 
NoV infection is important for successful immunization with 
the nonreplicating VLPs will need to be assessed when evaluating 
vaccine immune responses among pediatric subjects. The studies 
by El-Kamary et al. demonstrated that adults immunized intrana-
sally with a NoV VLP vaccine develop circulating NoV-specific, 
antibody-secreting cells that express the integrin α4/β7, a gut 
mucosal homing marker [15]. Whether immunologically naive 
pediatric patients and persons immunized parenterally will also 
produce antibody-secreting cells that express gut mucosal hom-
ing signals following intranasal vaccination, and whether this is 
important in protective immunity, must be determined. Similarly, 
aging and the presence of chronic diseases may adversely influence 
immune responses at the other extreme of life. The impact of 
NoVs in these populations makes both groups important targets 
for vaccination [2,3,6].

Immunity following infection is not long lived, based upon 
observations that persons who have been experimentally infected 
can be reinfected and develop disease with the same virus 
2–3 years after initial infection. The vaccine efficacy trial was 
designed to minimize the effect of waning immunity in that 
most participants were challenged with live virus 3–5 weeks 
following receipt of their second vaccine dose. The duration of 
vaccine-induced immunity must be determined; for a vaccine to 

“Another important next step in norovirus vaccine 
development will be to extending the findings 
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be practical immune protection probably needs to persist for up 
to 1 year.

Field efficacy trials will address many of the questions raised 
here, including the duration of vaccine-induced immunity, 
the impact of NoV antigenic diversity and antigenic drift on 
protection, and the importance of host-related factors on immune 
responses. The outcomes of such studies will guide the further 
development of prospective NoV vaccines and will help determine 
whether the development of an effective norovirus vaccine is 
achievable. Hopefully, the success achieved in the initial proof-
of-concept efficacy study will be the first of many along the 
development pathway to a viable norovirus vaccine.
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