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Sir,

Noroviruses (NoVs) are the leading cause of acute 
gastroenteritis outbreaks across all age groups and the 
second most common cause of sporadic childhood 
gastroenteritis worldwide. In countries implementing 
routine rotavirus immunization, NoVs are now 
identified as the primary cause of viral gastroenteritis 
among children1. With rotavirus vaccine introduction 
in the National Immunization Programme of India2, 
NoV surveillance and research acquire importance.

NoVs are classified into seven genogroups, 
GI-GVII, of which GI, GII and GIV infect humans1,3. 
GII NoVs, most common in human infections, are 
classified into 23 genotypes4,5. The genotype GII.4 is 
predominant globally1 and exhibits further diversity in 
the form of 14 GII.4 variants4,5.

NoVs have a linear positive-sense single-stranded 
RNA genome consisting of three open-reading frames 
(ORFs), of which ORF1 codes for non-structural 
proteins, while ORF2 and 3 encode the capsid 
proteins. The major capsid protein, VP1, carries 
the viral antigenic determinants and is involved in 
interaction with host antibodies and cellular-binding 
ligands - the histoblood group antigens (HBGAs)6. 
On in vitro expression using baculovirus system, the 
recombinant VP1 molecules undergo self-assembly 
to form virus-like particles (VLPs)7. These VLPs are 
morphologically and antigenically similar to native 
virions and exhibit HBGA binding. Laboratory 
diagnosis of NoV infections currently relies on reverse 
transcription-polymerase chain reaction (RT-PCR)-
based detection of NoV RNA in faecal specimens3. 
Although detection of NoV antigen employing anti-
NoV VLP polyclonal antibodies and/or monoclonal 
antibodies (MAbs) has been reported8,9, development 
of sensitive, broadly reactive assays for diagnostic 

use remains a challenge due to the NoV genetic and 
antigenic diversity.

In the present study, rabbit polyclonal antibodies 
were generated against VLPs representing a NoV 
GII.4 DenHaag_2006b strain from Pune, India, and 
the utility of these antibodies in NoV antigen capture 
immunoassays was assessed. This study was conducted 
during the period of April 2013 to September 2015 at 
the Enteric Viruses Group, ICMR-National Institute of 
Virology, Pune, India. The study was approved by the 
institutional animal ethics committee.

The GII.4-DenHaag_2006b VLPs produced in Sf9 
cells using baculovirus expression system were purified 
by sucrose gradient centrifugation, analyzed by sodium 
dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE) and characterized by immunoblotting 
and electron microscopy, as reported elsewhere10. One 
New Zealand white rabbit was immunized with five 
doses of adjuvanted GII.4 VLPs by the intramuscular 
route. The post-immunization serum samples, Post 1 
to Post 5, obtained at two weeks after the respective 
dose were subjected to detection and titration of 
anti-NoV IgG using VLP-based immunoassays as 
described earlier10. Briefly, VLP-coated micro-wells 
were incubated with the serum specimens (dilution 
range: 1:100 to 1:102,400) and the bound IgG was 
probed by horse-radish peroxidase (HRP)-conjugated 
goat anti-rabbit IgG (Sigma, USA). Pre-immunization 
rabbit serum served as negative control. Test serum 
with absorbance greater than the cut-off value, i.e. 
mean of three negative controls + three times standard 
deviation, was considered to be positive. 

The post-immunization rabbit serum samples 
were also tested for their ability to block VLP-HBGA 
binding using the VLP-pig gastric mucin (PGM) 
binding blockade assay11. Briefly, VLPs (1 µg/ml) 
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pre-treated with serum specimen (dilution range: 
1:100 to 1:102,400) were added onto micro-wells 
coated with PGM Type III (Sigma, USA) dissolved 
in phosphate-buffered saline (PBS pH: 7.4). The 
bound VLPs were detected using commercially 
available anti-NoV GII.4 MAb (Abcam, UK) and 
rabbit anti-mouse IgG-HRP conjugate (Abcam). 
The 50 per cent blocking titre (BT50) determined for 
each specimen was defined as the reciprocal of the 
highest dilution with ≥50 per cent blocking (reduction 
in absorbance) as compared to the VLP control 
(VLPs untreated with serum).

After first VLP dose, the rabbit serum (Post 1) 
showed an anti-NoV IgG titre of 400 and a BT50 value of 
100. Both antibody titres increased significantly in the 
Post 2 serum (IgG titre: 12,800, BT50: 400) and also in 
the Post 3, 4 and 5 serum samples (IgG titre: ≥102,400, 
BT50: 1600-3200) (Figure). Thus, high-titre anti-VLP 
antibodies capable of blocking VLP-HBGA interaction 
indicated that the VLPs were highly immunogenic.

To use the anti-VLP rabbit polyclonal IgG in 
NoV antigen capture ELISA, IgG was purified 
from the hyperimmune serum by recombinant 
protein G agarose-based affinity column 
chromatography (Invitrogen, USA) and rabbit 
anti-NoV IgG-HRP conjugate was prepared using HRP 
Labelling Kit (Merck GeNei, India). The purified anti-
NoV rabbit IgG was used as capture antibody in ELISA 
and its performance was compared to the commercial 
anti-GII.4 MAb (Abcam, UK). Micro-wells 
(Nunc-Immuno MaxiSorp) coated with 1 µg of rabbit 

IgG or MAb in 0.05 M carbonate-bicarbonate buffer 
(pH: 9.5) overnight at room temperature were blocked 
with five per cent skimmed milk in PBS (pH: 7.4) 
for 30 min at room temperature. After washing with 
PBS-0.2 per cent Tween-20, recombinant VLPs 
(100 ng/well) or 30 per cent suspensions of known 
NoV RT-PCR-positive and RT-PCR-negative faecal 
specimens12 were incubated (37°C, 1 h) in the wells. 
The bound NoV antigen was detected by incubation 
(37°C, 1 h) with the indigenously prepared rabbit 
anti-NoV IgG-HRP conjugate followed by addition of 
substrate (tetramethylbenzidine/H2O2, Merck GeNei). 
Absorbance was read at 450 nm. Faecal specimens with 
absorbance greater than the cut-off value, i.e. mean of 
three negative controls + three times standard deviation, 
were considered to be positive.

Both anti-VLP rabbit polyclonal IgG and the 
commercial MAb were found to detect the indigenously 
developed GII.4 DenHaag_2006b VLPs in the capture 
ELISA with lower absorbance values in MAb-coated 
wells. On assessment of NoV GII.4-DenHaag_2006b 
positive faecal specimens (n=8) collected from 
children with acute gastroenteritis, all specimens tested 
positive in rabbit IgG-coated wells. However, none 
were positive in MAb-coated wells. The inability of 
the commercial MAb to detect native NoV in faecal 
specimens may be due to generation of the MAb 
against a peptide immunogen representing a linear 
viral epitope. Alternatively, antigen capturing potential 
of the MAb may have been limited due to its specificity 
for a single viral epitope as against multiple epitopes 
capturing capacity of rabbit polyclonal anti-VLP IgG. 
Thus, only the indigenous anti-VLP rabbit IgG was 
found to be suitable for use as capture antibody in NoV 
antigen detection from faecal specimens by ELISA. The 
performance of this rabbit IgG as an HRP-conjugated 
detector antibody could not be compared with that of 
the MAb due to unavailability of sufficient quantity of 
MAb for HRP labelling.

The rabbit polyclonal IgG-based capture ELISA 
was then evaluated for its ability to detect other 
NoV GII.4 variants (Hunter_2004, Yerseke_2006a, 
Osaka_2007, Apeldoorn_2007, New Orleans_2009 and 
Sydney_2012) and GII genotypes (GII.2, GII.3, GII.6, 
GII.7, GII.9, GII.13, GII.14, GII.21, GII.P21/GII.3) in 
faecal specimens (n=70). None of these GII.4 variants 
or GII genotypes could be detected in the ELISA. 
However, limited reactivity of Apeldoorn_2007 
variant was noted with one of the two tested specimens 
indicating absorbance equal to the set cut-off value. 
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Figure. Anti-Norovirus serum antibody titres in rabbit immunized 
with Norovirus GII.4 virus-like particles. Log-transformed IgG titre 
and 50 per cent blocking titre (BT50) in the post-immunization rabbit 
serum samples, Post 1 to Post 5, obtained at two-week interval after 
the respective dose, are shown. Each serum dilution was tested in 
duplicate experiments. The IgG titre was defined as the reciprocal 
of the highest serum dilution indicating positive reaction while 
50 per cent blocking titre was defined as the reciprocal of the highest 
dilution with ≥50 per cent blocking.
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The rabbit anti-NoV VLP polyclonal IgG-based 
ELISA, described in the present study, was found to be 
highly specific for NoV GII.4 DenHaag_2006b variant 
and was thus not useful for routine diagnostic purposes 
in its current format. To detect other GII.4 variants 
and NoV genotypes, further improvement involving 
incorporation of a cocktail of anti-NoV MAbs of 
different specificities or a broadly reactive anti-NoV 
MAb as capture antibody(s) in the ELISA is required. 
Evaluation of such ELISA by testing of a large number 
of NoV RT-PCR-positive faecal specimens comprising 
different genotypes would be useful for this purpose. 
Generation of cross-reactive anti-NoV VLP MAbs13,14 
and their utility in diagnostic NoV antigen capture 
ELISAs have been described9. Development of 
indigenous MAb-based ELISA(s) needs to be pursued 
further using the anti-GII.4 rabbit IgG generated as a 
detector antibody in the present study. This anti-VLP 
polyclonal IgG persisting (≥15 months) in high titres 
in immunized rabbits would serve as an economical 
reagent for use in NoV diagnostics.
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