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Abstract. The surveillance of enteric pathogens is critical in assessing the burden of diarrhoeal disease and informing

vaccine programs. Surveillance supported by the World Health Organization in Fiji, Vietnam, the Lao People’s Democratic

Republic, and the Philippines previously focussed on rotavirus. There is potential to expand surveillance to encompass a

variety of enteric pathogens to inform vaccine development for norovirus, enterotoxigenic Escherichia coli and Shigella.
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Rotavirus: the predominant enteric pathogen
in children

Group A rotaviruses remain the predominant aetiological agent

associated with acute gastroenteritis in young children worldwide,

estimated to have caused 128 500 deaths and 258 173 300 episodes of

diarrhoea among children <5 years of age in 20161. Four group A

rotavirus vaccines; Rotarix
�

(GlaxoSmithKline, Rixenstart,

Belgium), Rotasiil
�

(Serum Institute of India, Pune, India),

RotaTeq
�
(Merck & Co, Pennsylvania, USA) and Rotavac

�
(Bharat

Biotech, Hyderabad, India) have been prequalified by the World

Health Organization (WHO) for global use and have been included

in the National Immunisation Programs of over 112 countries

worldwide2. In the WHO designated Western-Pacific region, some

countries have introduced rotavirus vaccines into their national

immunisation programs (Fiji, Australia, New Zealand, Kiribati,

Micronesia, Solomon Islands, Marshall Islands, Japan, Niue, and

Palau), but there is limited access to rotavirus vaccines across other

countries in the region3.

The genotyping of rotavirus strains underpins national and global

surveillance efforts. The binomial classification is based on the outer

capsid proteins VP7 and VP4, which define G and P genotypes,

respectively and these proteins elicit neutralising antibodies. The

most prevalent genotypes in humans are G1P[8], G2P[4], G3P[8],

G9P[8] and G12P[8]4,5. Several genotypes have emerged in

recent years to become globally important, highlighting the need

for continued surveillance efforts. Monitoring rotavirus genotypes

provides critical information regarding ongoing effectiveness of

implemented vaccination programs, informs planned vaccine intro-

duction, and can assist in outbreak investigation. Given the sub-

stantial diversity and evolution of rotavirus strains, surveillance also

provides fundamental information on the changing diversity of

rotavirus strains in the vaccine era and may provide insight into

the emergence of vaccine-escape variants.

Rotavirus surveillance in theWestern-Pacific
region

Many countries in the region do not have formal rotavirus surveil-

lance programs. The Enteric Diseases Group at the Murdoch Chil-

dren’s Research Institute hosts the WHO Collaborating Centre for

Child Health, the WHO Rotavirus Regional Reference Laboratory

(RRL) for the Western-Pacific Region and the Australian Rotavirus

Surveillance Program. The WHO Rotavirus RRL provides support

for both national and reference laboratories in the Western-Pacific

region in the laboratory diagnosis of rotavirus infection. The Enteric

Diseases Group provides training and conducts surveillance of

rotavirus genotypes in the Western-Pacific region, with a focus on

Fiji, Viet Nam, and the Philippines. In 2017, rotavirus positivity

among children aged <5 years hospitalised with diarrhoea was 48%

in the Philippines and 43% in Viet Nam, compared with 14% in Fiji,

highlighting the effectiveness of vaccine introduction in decreasing

the burden of disease6. The RRL also supports rotavirus outbreak

responses for the region (Solomon Islands7 and Kiribati8) and assists
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in surveillance activities in Papua New Guinea9. There are several

limitations associated with the surveillance program as a limited

number of sites in each country participate and not all children

admitted to hospital with diarrhoea have a stool sample collected and

sent for analysis.

Rotavirus surveillance in Fiji

Fiji has participated in the WHO Global Rotavirus Surveillance

Program since 2006, monitoring the rotavirus disease burden and

characterising the diversity of genotypes circulating in the population.

Notably, Fiji is the only Pacific nation that participates in the WHO

surveillance program. Stool samples are routinely collected from

children aged <5 years hospitalised with acute, non-bloody diarrhoea.

The participating hospitals service the two main islands: the Colonial

War Memorial Hospital on Viti Levu and the Savusavu District

Hospital on Vanua Levu. Samples are sent to the Fiji Centre for

Communicable Disease Control in Suva for rotavirus antigen testing.

Rotavirus positive samples are then sent to the WHO RRL for con-

firmation of rotavirus positivity and subsequent genotyping. In-depth

descriptions of rotavirus surveillance in Fiji have been previously

described10–12.

We have recently completed an analysis of longitudinal surveil-

lance data generated between 2005 and 2018 which has allowed for a

detailed description of rotavirus genotype diversity in Fiji, to

characterise any changes in genotype patterns that may have oc-

curred following vaccine introduction in 201210. This study was the

first to describe rotavirus genotype patterns following vaccine

introduction in a low- or middle-income country in the Western-

Pacific region.

Prior to vaccine introduction, rotavirus was a leading cause of

diarrhoea-related hospitalisations detected in 52% (2006) and 60%

(2007) of children aged <5 years hospitalised with acute diarrhoea11.

Due to this substantial burden of rotavirus disease, Fiji introduced

Rotarix into the National Immunisation Program in October 2012.

Vaccine coverage in eligible infants reached 85% by 2013 and 99%

from 2014 onwards13. Vaccine introduction has resulted in an 82%

reduction in rotavirus diarrhoea-related hospitalisations in children

aged <5 years12.

Surveillance in Fiji prior to Rotarix introduction (2005–2012)

revealed G1P[8], G2P[4] and G3P[8] were the predominant geno-

types detected in children aged <5 years (Figure 1). Genotype

dominance fluctuated annually with G3P[8] dominant in 2006

(94%) and 2009 (59%), G2P[4] dominant in 2008 (40%) and

2010 (74%), and G1P[8] dominant in 2011 (85%) and 2012

(67%) (Figure 1). No clear dominant genotype could be determined

in 2005 and 2007 due to low sample numbers. Other genotypes

including G2P[8], G3P[6], G8P[8], G9P[8] and G12P[4] were

infrequently detected in the pre-vaccine period10 (Figure 1).

Due to the substantial decrease in rotavirus disease following

vaccine introduction in Fiji, there was a dramatic decrease in the

number of samples available for genotype analysis – reflecting the

success of the vaccination program. This does not represent a bias in

sample collection, rather it reflects the limited cases of rotavirus in

Fiji. The limited samples available for analysis does impact the

ability to make a strong inference about genotype dominance. The

genotype dominance continued to fluctuate annually, with G3P[8]

dominant in 2013 (50%), G1P[8] in 2014 (71%), G12P[8] in 2017

(100%) and G3P[8] in 2018 (100%) (Figure 1). Overall, the diversity

of genotypes decreased following vaccine introduction with some

genotypes no longer detected. Fewer genotypes were observed to co-

circulate each year and one of the most interesting findings was the

later absence of previously dominant genotypes. Despite accounting

for a similar proportion of genotyped samples in the pre- and post-

vaccine eras (28% vs 30%); G1P[8] strains were not detected after

2015 (Figs 1, 2). The identification of G2P[4] decreased from 30% to
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Figure 1. Annual genotype distribution of rotavirus positive samples from Fiji received by the WHO Regional Reference Laboratory. The Rotarix
vaccine was introduced in October 2012.
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17% following vaccine introduction and were not detected in Fiji

after 2014 (Figs 1, 2). This disappearance of G1P[8] and G2P[4] in

Fiji following vaccine introduction is in contrast to Australia where

G1P[8] continued to be detected at reduced levels following vaccine

introduction, and G2P[4] prevalence increased in regions using

Rotarix14. In recent years, G2P[4] has also increased in other

countries within the region, independent of whether the country

had a rotavirus vaccination program or not; including the Philip-

pines15, Cambodia and Lao PDR16,17. G3P[8] also decreased from

28% to 19% of genotyped samples following vaccine introduction

(Figure 2). G3P[8] strains were not detected for four years in

Fiji before re-emerging in 2018 as the dominant genotype. G3P

[8] also remerged in Australia, Cambodia and Mongolia in

recent years16,18,19. G12P[8] strains were also not detected in Fiji

for a period of 8 years before re-emerging as the only genotype

identified in 2017. G12P[8] accounted for a higher proportion of

genotyped samples in the vaccine era; increasing from 6% to 17%

(Figure 2). Australia and New Zealand have also reported the

dominance of G12P[8] following vaccine introduction14,20,21.

Another genotype that exhibited a transient circulation period in

Fiji was the equine-like G3P8 variant. This variant emerged in 2013

and continues to be detected as a dominant genotype in many

countries in the region regardless of vaccination22,23. The equine-

like G3P[8] variant was dominant in Fiji for two consecutive years

(2015–2016), accounting for 83% and 100% of samples genotyped

respectively, but was not detected during surveillance in 2017 or

2018.

The sporadic detection of genotypes in the vaccine era likely

represents that the vaccinated paediatric population in Fiji no longer

sustains the wide transmission of rotavirus and that the intermittent

emergence of genotypes is associated with the introduction of these

variants from outside Fiji, followed by limited local circulation.

Expansion of enteric pathogen surveillance
in the region

The Enteric Diseases Group is also part of the Global Paediatric

Diarrhea Surveillance Study (GPDS) which leverage the existing

Global Rotavirus Surveillance Network to screen for a broad range

of enteropathogens in children aged <5 years hospitalised with

diarrhoea in Fiji, Viet Nam and Lao PDR utilising quantitative PCR

via TACMan Array cards. This program aims to give a greater

understanding of the burden of these targeted enteropathogens,

ultimately aiding vaccine development for norovirus, enterotoxigen-

ic Escherichia coli and Shigella. Based on 2017 surveillance data,

the most prevalent enteric pathogen in Viet Nam and Lao PDR

continues to be rotavirus followed by norovirus GII and sapovirus,

compared to Fiji where Shigella is now most prevalent, followed by

rotavirus6.

Conclusions

Rotavirus surveillance provides insights into vaccine performance,

informing vaccine introduction in neighbouring countries. Surveil-

lance of other enteric pathogens is key to understand the burden of

diarrhoeal disease and inform vaccine development strategies.
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