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Abstract: The introduction of the rotavirus vaccine, Rotarix, into the Fiji National Immunisation
Program in 2012 has reduced the burden of rotavirus disease and hospitalisations in children less
than 5 years of age. The aim of this study was to describe the pattern of rotavirus genotype diversity
from 2005 to 2018; to investigate changes following the introduction of the rotavirus vaccine in
Fiji. Faecal samples from children less than 5 years with acute diarrhoea between 2005 to 2018
were analysed at the WHO Rotavirus Regional Reference Laboratory at the Murdoch Children’s
Research Institute, Melbourne, Australia, and positive samples were serotyped by EIA (2005–2006) or
genotyped by heminested RT-PCR (2007 onwards). We observed a transient increase in the zoonotic
strain equine-like G3P[8] in the initial period following vaccine introduction. G1P[8] and G2P[4],
dominant genotypes prior to vaccine introduction, have not been detected since 2015 and 2014,
respectively. A decrease in rotavirus genotypes G2P[8], G3P[6], G8P[8] and G9P[8] was also observed
following vaccine introduction. Monitoring the rotavirus genotypes that cause diarrhoeal disease in
children in Fiji is important to ensure that the rotavirus vaccine will continue to be protective and to
enable early detection of new vaccine escape strains if this occurs.

Keywords: rotavirus; Fiji; Rotarix; genotype; equine-like G3P[8]

1. Introduction

Rotavirus is the most common cause of severe diarrhoea in children under 5 years of
age worldwide. In 2016, rotavirus was responsible for 258 million episodes of diarrhoea and
was attributed to ~128,500 deaths in children under 5 years, with the majority occurring in
countries in Asia and Africa [1]. Genotyping of rotavirus strains underpins global rotavirus
surveillance. The binomial classification of rotavirus genotypes is based on the outer capsid
proteins VP7 and VP4 that define G and P genotypes, respectively [2]. There are 36 G

Pathogens 2021, 10, 358. https://doi.org/10.3390/pathogens10030358 https://www.mdpi.com/journal/pathogens

https://www.mdpi.com/journal/pathogens
https://www.mdpi.com
https://orcid.org/0000-0001-9262-6550
https://orcid.org/0000-0002-5452-6601
https://doi.org/10.3390/pathogens10030358
https://doi.org/10.3390/pathogens10030358
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/pathogens10030358
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com/article/10.3390/pathogens10030358?type=check_update&version=3


Pathogens 2021, 10, 358 2 of 11

types and 51 P types described in humans and various animal species to date; however,
the most common rotavirus genotypes observed in humans are the VP7 genotypes: G1,
G2, G3, G4 and G9 and the VP4 genotypes: P[4] and P[8], representing three quarters of all
genotypes causing human disease [3,4]. Previously uncommon genotypes including G12
and equine-like G3P[8] genotypes are increasingly being identified as a cause of rotavirus
disease globally [5,6].

Fiji is a Pacific Island Nation with a population of approximately 837,271 [7]. Al-
though designated as an upper middle-income country, it was estimated that prior to the
COVID-19 pandemic, 24% of the population were living in poverty [7]. The child under-
5-year mortality rate in Fiji was reported as 25.7 deaths per 1000 live births in 2019 [8].
Rotavirus was a major cause of diarrhoea-related hospitalisations in Fiji prior to rotavirus
vaccine introduction, detected in 52% (2006) and 60% (2007) of children less than 5 years
hospitalised with acute diarrhoea, with an annual incidence estimated at 486 per 100,000
children less than 5 years [9]. Due to this burden of rotavirus gastroenteritis, Fiji introduced
a rotavirus vaccine (Rotarix, GlaxoSmithKline, Belgium) into the National Immunisation
Program in October 2012. Rotarix is a monovalent vaccine containing a single, human,
G1P[8] strain that is administered in a two-dose schedule at 6 and 14 weeks of age. The
uptake of Rotarix in Fiji was prompt, reaching 85% coverage by 2013 and 99% coverage
in eligible infants from 2014 onward [10]. The introduction of rotavirus vaccines in Fiji
has been highly successfully resulting in an 82% reduction in rotavirus diarrhoea related
hospitalisations in children less than 5 years of age [11].

The aim of this study was to describe the pattern of rotavirus genotype diversity
from 2005 to 2018, specifically to describe any changes in genotype patterns that may have
occurred following the introduction of the rotavirus vaccine in Fiji in 2012.

2. Results
2.1. Study Samples

During the study period 2005–2018, a total of 1504 stool samples was collected and sent
to the WHO Rotavirus Regional Reference Laboratory (RRL) at the Murdoch Children’s
Research Institute (MCRI). Of these, 1208 samples had sufficient data available on the date
of collection and stool volume to enable analysis. Of the 1208 samples, a total of 576 were
confirmed as rotavirus positive and proceeded to genotype characterisation (Figure 1).
Thirty-four samples were not genotyped due to laboratory error, comprising 1 sample from
2010 and 33 samples from 2011, and were subsequently excluded from further analysis.
The remaining 542 samples were proceeded with for further analysis (Figure 1).

2.2. Genotype Distribution and the Impact of Vaccine Introduction

In the pre-vaccine period (2005–2012), 58% (479/827) of samples received were con-
firmed as rotavirus positive, compared to only 18% (63/347) of samples in the post-vaccine
era (2013–2018) (Table 1). These values may be affected by sampling changes over the
study period. Between 2005 and 2009, only positive samples were received; between 2010
and 2016, all positive and negative samples were received; and from 2017 onward, all
positive and 10% of all negatives were sent to MCRI. Overall, between 2005–2018, G1P[8]
was the most commonly detected genotype (n = 157, 29%), with both G2P[4] (n = 155, 29%)
and G3P[8] (n = 144, 27%) detected at similar frequencies, followed by G12P[8] (n = 33,
6%) (Table 1). Other genotypes including G2P[8], G3P[6], G8P[8], G9P[8] and G12P[4] as
well as mixed or partially typed samples were infrequently detected (n = 1–5, 0.2–3%).
However, marked differences were observed following vaccine introduction. Prior to
vaccine introduction, genotype dominance varied across years, with G3P[8] dominant in
2006 (n = 74, 94%) and 2009 (n = 26, 59%), G2P[4] dominant in 2008 (n = 30, 40%) and 2010
(n = 88, 74%), and G1P[8] dominant in 2011 (n = 127, 85%) and 2012 (n = 4, 67%). However,
the number of samples available for genotyping was low in 2005 and 2007 and no clear
dominant genotype could be determined.
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 Figure 1. Consort diagram of samples included in this study.

Following vaccine introduction, there was a marked decrease in the number of ro-
tavirus positive samples available for genotyping, reflecting the reduction in rotavirus
disease observed (Table 1). The diversity of genotypes decreased following vaccine in-
troduction (Figure 2) with some genotypes (G2P[8], G3P[6], G8P[8], G9P[8], G12P[4]) no
longer detected. There was only one mixed genotype sample identified in the post-vaccine
era, compared with 13 mixed genotype samples detected in the pre-vaccine era. The dom-
inant genotype continued to vary annually following vaccine introduction, with G3P[8]
dominant in 2013 (n = 6, 50%), G1P[8] in 2014 (n = 17, 71%), G12P[8] in 2017 (n = 11,
100%) and G3P[8] in 2018 (n = 6, 100%). The previously dominant G1P[8] disappeared 3
years after vaccine introduction, and G2P[4] strains were not detected after 2014 (Table 1).
Emergence of the novel, equine-like G3P[8] reassortant strain, previously not detected in
Fiji, was reported in the years following vaccine introduction. This equine-like G3P[8] was
dominant for two consecutive years (2015–2016), accounting for 83% (n = 5/6) and 100%
(n = 4/4) of samples genotyped. However, it was not detected in 2017 or 2018. G3P[8]
re-emerged in 2018 after not being detected for 4 years.
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Table 1. Genotype distribution in samples received by the WHO Regional Reference Laboratory.

G1P[8] G2P[4] G2P[8] G3P[6] G3P[8] G3P[8]
EQUINE G8P[8] G9P[8] G12P[4] G12P[8] Mixed Partially

Typed
Total

Genotyped Negative Total
Samples

Year n % n % n % n % n % n % n % n % n % n % n % n % n % n % n

2005 1 20 1 20 1 20 2 40 5 71 2 29 7

2006 1 1 74 94 4 5 79 99 1 1 80

2007 1 50 1 50 2 100 0 0.0 2

2008 5 7 30 40 4 5 1 1 3 4 2 3 22 29 8 11 75 100 0 0.0 75

2009 9 21 26 59 1 2 1 2 2 5 5 11 44 96 2 4 46

2010 1 1 88 74 23 19 3 3 4 3 119 62 74 38 193

2011 127 85 15 10 6 4 1 1 149 37 255 63 404

2012 4 67 2 33 6 30 14 70 20
Subtotal 138 144 4 1 132 0 1 5 2 22 13 17 479 348 827

Rotarix Vaccine Introduced
2013 1 8 5 42 6 50 12 67 6 33 18

2014 17 71 6 25 1 4 24 51 23 49 47

2015 1 17 5 83 6 4 158 96 164

2016 4 100 4 15 22 85 26

2017 11 100 11 20 43 80 54

2018 6 100 6 16 32 84 38
Subtotal 19 11 0 0 12 9 0 0 0 11 1 0 63 284 347
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Figure 2. Distribution of main genotypes in samples collected in the pre-vaccine (2005–2012) and
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(b) Proportion of samples identified in each of the main genotype groups, of the total number of
samples genotyped.

3. Discussion

This is the first study in a low- or middle-income country in the Western Pacific Region
to describe rotavirus genotypes following national rotavirus vaccine introduction. Prior to
rotavirus vaccine introduction, G1P[8], G2P[4] and G3P[8] were the predominant genotypes
causing rotavirus diarrhoea in children less than 5 years of age in Fiji. Genotype diversity
decreased following rotavirus vaccine introduction in Fiji; with G2P[8], G3P[6], G8P[8],
G9P[8] and G12P[4], which all represented minor genotypes in the pre-vaccine period,
subsequently undetected in the vaccine era. Following rotavirus vaccine introduction,
G2P[4] has not been detected since 2014 and G1P[8] has not been detected since 2015.
This is in contrast to changes in genotype distribution observed in Australia following
introduction of the Rotarix (GlaxoSmithKline, Rixensart, Belgium) and RotaTeq (Merck,
Kenalworth, NJ, USA) vaccines. In Australia, although there was an overall decrease in the
common genotypes (G1, G2, G3, G4 and G9) from 83% to 63% observed following rotavirus
vaccine introduction, an increase in G2P[4] (pre-vaccine era 5%; post-vaccine era 21%) was
observed in states and territories implementing the Rotarix vaccine and G1P[8] continued
to be detected [5].
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We found that equine-like G3P[8] was the dominant genotype in 2015 to 2016 but was
not detected in the following years (2017 or 2018). An increase in novel zoonotic strains
such as equine-like G3P[8] following the introduction of Rotarix has also been observed in
other countries (Australia, Japan, Hungary and Brazil) [12–16]. The segmented rotavirus
genome allows reassortment to occur both within and between human and animal strains
if the human host is infected with two different rotavirus strains, thus giving rise to novel
and unusual genotype combinations [17]. In Australia, an increase in G12P[8], equine-like
G3P[8], G8, G10 and other zoonotic reassortant strains has also been observed following
rotavirus vaccine introduction [5]. In Fiji, human G3P[8] was not detected during 2015 and
2016 when the equine-like G3P[8] was circulating, but this strain re-emerged two years
later when equine-like G3P[8] was no longer detected. This is consistent with reports from
Asia, Australia, Europe and the U.S. [5,17].

The G12 genotype was first identified in Fiji in 2008, with both G12P[4] and G12P[8]
detected. These strains accounted for 32% (n = 24/75) of all rotavirus positive samples
in 2008 but were not detected again until 2017 when all available samples (n = 11) were
identified as G12P[8] (Table 1). The emergence of G12 following vaccine introduction
has been observed in other countries but does not appear to be dependent on vaccine
coverage. In Finland, a 9% increase in G12P[8] was observed five years after vaccine
introduction, with a higher frequency of G12P[8] detected in vaccinated children (14%)
than observed in unvaccinated children (7%) [18]. In Australia, a small G12P[8] outbreak
was reported in 2005 prior to vaccine introduction; however, since vaccine introduction
G12P[8] has become common, detected in 18% of samples from children less than 5 years
with acute diarrhoea [5]. Similarly, G12, originally detected in Brazil in 2008 following
vaccine introduction (2006), has emerged to be the most prevalent genotype (G12P[8]) in
87% of samples in 2014 [19].

A key strength of this study is the ability to observe genotypic changes over time,
following the introduction of Rotarix into a national program in a Pacific nation associated
with very high vaccine coverage. Monitoring rotavirus genotypes that continue to cause
diarrhoea in children provides critical information regarding the ongoing effectiveness
of the vaccine program and can assist in outbreak investigation. It also enables early
identification of the emergence or importation of new strains that may have a public health
impact. This is particularly relevant for Fiji as an island nation with an economy highly
dependent on tourism where there is potential for importation of novel strains resulting in
disease outbreaks.

This study aligns with data on the impact of rotavirus vaccines on rotavirus disease
hospitalisations in children less than 5 years of age in Fiji. Fiji has been notable within the
Pacific as a country that has introduced new vaccines based on local data and is committed
to monitoring vaccine impact. No other Pacific nation participates in WHO rotavirus
surveillance. Data from Fiji may assist in informing vaccine decisions of neighbouring
countries in the region. A limitation of this study is that it can only report on samples
received for analysis by the WHO Rotavirus Regional Reference Laboratory. Despite
attempts, not all children admitted to hospital with diarrhoea have a stool sample collected
and sent for analysis. Following introduction of a rotavirus vaccine, the number of children
hospitalised with rotavirus disease has dramatically decreased; as a result, the number
of stool samples available to provide comparisons of genotypic distribution between the
pre-vaccine and post-vaccine era has been impacted. As stool collection is still requested
for hospitalised patients with acute diarrhoea in Fiji, it is unlikely that there is a bias
impacting on stool collection between the period before and after introduction of the
rotavirus vaccine.

The variation in the proportion of rotavirus negative samples reported reflects differ-
ences in the rotavirus detection status of stool samples submitted to MCRI for genotypic
analysis over the 14-year surveillance period (Table 1). The lower proportion of rotavirus
negative samples early in the surveillance period (2005–2009) has limited impact on the
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outcome of this paper given the focus is the period following the introduction of the
rotavirus vaccine.

In 2015, there was a marked increase in the number of negative samples tested.
From 2010 to 2013, there was an increase in typhoid detection as the result of six typhoid
outbreaks in Fiji, along with outbreaks of both Zika virus and Chikungunya virus, which
were both initially detected in 2015, all which may have led to an increased number
of negative samples being sent to MCRI for analysis during this time period [20–22].
Being negative samples only, this also would have had minimal impact on the rotavirus
distribution observed in this study.

The effect of age on rotavirus detection in the stool following introduction of rotavirus
vaccines in Fiji has recently been reported [11]. Due to the success of the rotavirus vacci-
nation program, the ability to compare age related differences in genotype distribution in
samples from the pre- and post-vaccine eras has been impacted by the limited number of
samples available for analysis in the post-vaccine era (pre-vaccine era n = 462; post-vaccine
era n = 50). This decline in number of available rotavirus positive samples was not likely to
be due to a lack of sampling due to the ongoing surveillance program operating in Fiji.

In this study we report changes in the pattern of rotavirus genotypes causing diarrhoea
in children in Fiji since rotavirus vaccine introduction. We observed a transient increase
in the zoonotic strain equine-like G3P[8] and a reduction in the previously dominant
G1P[8] and G2P[4]. A decrease in detection of rotavirus strains G2P[8], G3P[6], G8P[8] and
G9P[8] was also detected in the years following rotavirus vaccine introduction. Monitoring
rotavirus genotypes provides key information regarding the ongoing effectiveness of the
vaccine program and can assist in outbreak investigation. It also enables early identification
of the emergence or importation of new strains that may have a public health impact.

4. Materials and Methods
4.1. Population and Study Sites

Fiji has participated in the WHO Global Rotavirus Surveillance Program since 2006,
monitoring rotavirus disease burden and rotavirus genotype diversity associated with
hospitalisations in children less than 5 years of age. The samples from children hospitalised
with acute diarrhoea are sent to the WHO Rotavirus Regional Reference Laboratory at Mur-
doch Children’s Research Institute (MCRI) according to the case definitions and methods
defined for the WHO Global Rotavirus Surveillance Program [11]. Two major hospitals
admitting children with gastroenteritis in Fiji participated in this study. The Colonial War
Memorial Hospital (CWMH) is Fiji’s largest general hospital and is the main referral centre
for the greater Suva area with approximately 34,920 children under 5 years of age. The
Savusavu District Hospital is a secondary health inpatient and outpatient facility serving
mainly a semiurban and rural population with an estimated 6563 children under 5 years of
age. Samples were received from inpatients at Savusavu district hospital only in 2013 and
2014. Details on rotavirus surveillance in Fiji has previously been described [9,11].

4.2. Participants

A prospective rotavirus surveillance program was established in 2005 to effectively
capture rotavirus detected in faecal samples from children less than 5 years with acute
nonbloody diarrhoea in Fiji. Acute diarrhoea was defined as 3 or more loose, nonbloody
stools within a 24-h period for <14 days. Eligible participants were identified by checking
admission data and children’s wards daily, parental/guardian consent was obtained, and
stool was collected within 48 h of admission. Once rotavirus positivity was determined,
demographics and clinical information were obtained via medical records.

Ethics approval for these studies was obtained from the Fiji National Research Ethics
Review Committee (number 2013-40) and from the University of Melbourne Human
Research Ethics Committee for the initial study surveillance in Colonial War Memorial Hos-
pital from 2005–2012 (Ethics ID:050546X) and Savusavu from 2010–2012 (Ethics ID:0931282);
during this period written informed consent was obtained from participants’ parents. From
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June 2012 onward, the Ministry of Health and Medical Services considered this public
health surveillance and no longer required written consent.

4.3. Genotyping

Faecal specimens were collected and stored at 4–8 ◦C prior to being transported to the
Fiji Centre for Communicable Disease Control in Suva for rotavirus antigen testing via the
ProSpecT Rotavirus test, a commercial rotavirus enzyme immunoassay (EIA) (Thermofisher
Scientific, Waltham, MA, USA) as per manufacturer’s instructions. Stool samples were
then stored at −70 ◦C. De-identified rotavirus specimens were transported on dry ice to
the WHO Rotavirus Regional Reference Laboratory at the Murdoch Children’s Research
Institute, Parkville, Australia. Sample selection for shipment to MCRI varied during the
surveillance program. Between 2005 and 2009 only stool samples that tested positive to
rotavirus in the Fiji laboratory were sent to MCRI, with the negative samples reflected
in Table 1 having been identified by EIA at MCRI. Between 2010 and 2016, stool samples
were sent to MCRI for EIA and RT-PCR genotyping irrespective of whether they were
rotavirus positive or negative via EIA conducted in Fiji. From 2017 onward, all rotavirus
positive samples and 10% of rotavirus negative samples by EIA in Fiji were sent to MCRI
for further analysis. All samples were retested at MCRI to confirm rotavirus positivity prior
to proceeding with genotypic analysis. Rotavirus positivity (or negativity) was confirmed
using the ProSpecT Rotavirus test, (EIA) (Thermofisher Scientific, Waltham, MA, USA) as
per the manufacturer’s instructions. Stool samples that tested positive or equivocal for
rotavirus antigen were further characterised to determine the G and P genotype. Samples
from 2005 and 2006 were routinely serotyped using an in-house monoclonal antibody
based serotyping EIA. This EIA consisted of a panel of monoclonal antibodies specific to
the VP7 outer capsid protein of group A rotavirus serotypes G1, G2, G3, G4 and G9 [23].
Prior to 2007, P-typing and RT-PCR were not routinely performed. From 2007 onward,
rotavirus G and P genotypes were determined by heminested multiplex RT-PCR assay.
All samples collected prior to 2007 have retrospectively been characterised by heminested
RT-PCR G and P genotyping. In brief, viral RNA was extracted from 20% (w/v) faecal
extracts in a virus dilution buffer (0.01 M Tris-HCL [pH7.5], 10.5 mM CaCl, 145 mM NaCl)
using the QIAamp Viral RNA mini extraction kit (QIAGEN, Hilden, Germany) according
to the manufacturer’s instructions.

The One-step RT-PCR kit (QIAGEN) was used to perform first round PCR, using
VP7 primers VP7F and VP7R and VP4 primers VP4F and VP4R [24,25]. Second round
genotyping PCR was performed using AmpliTaq DNA Polymerase with Buffer II (Applied
Biosystems, Foster City, CA, USA), with specific G and P oligonucleotide primers for G
typing (G1, G2, G3, G4, G8 and G9) or P typing (P[4], P[6], P[8], P[9], P[10] and P[11])
as described previously [26]. Amplified products were run on a 1.5% or 2% agarose gel
for G and P types respectively, and genotypes were determined based on amplicon band
size. PCR non-typeable samples were determined by Sanger sequencing. Strains including
equine-like G3, G12 and unusual or uncommon strains were unable to be genotyped using
standard primers. VP7 or VP4 amplicons from first round PCR products were purified for
sequencing using the Wizard SV Gel and PCR Clean up System (Promega, Madison, WI,
USA) as per manufacturer’s protocol. Purified DNA with oligonucleotide primers (VP7F/R
or VP4F/R) were sent to the Australian Genome Research Facility (AGRF) Melbourne
and sequenced using an ABI PRISM BigDye Terminator Cycle Sequencing Reaction Kit
(Applied Biosystems, Foster City, CA, USA) in an Applied Biosystems 3730xl DNA analyser.
Sequencher version 4.10.1 (Gene Codes Corporation, Ann Arbor, MI, USA) was used to edit
the sequences. BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi (accessed on 10 October
2020)) and RotaC version 2.0 (http://rotac.regatools.be (accessed on 10 October 2020)) [27]
were used determine the genotype of each sample.

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://rotac.regatools.be
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4.4. Data Analysis

Samples were excluded if there was no date of stool collection available, if there
was insufficient sample to process, if the sample was not confirmed as rotavirus positive
by EIA at MCRI, or if samples were rotavirus positive by EIA at MCRI but genotype
could not be determined. To describe the impact of rotavirus vaccine introduction on
genotype distribution, samples were grouped into pre-vaccine (2005–2012) and post-vaccine
(2013–2018) eras according to the date of collection. Analysis is by descriptive observations
and comparisons between the pre-vaccine and post-vaccine introduction eras.
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formal analysis, S.T., C.M.D. and J.E.B.; funding acquisition, J.E.B. and F.M.R.; investigation, S.T.,
C.M.D., S.C., F.T.R., A.W.J.J., R.R., A.S.K., E.R., V.G., F.S., J.E.B. and F.M.R.; methodology, S.T. and
C.M.D.; project administration, J.E.B. and F.M.R.; resources, J.E.B. and F.M.R.; software, S.T. and
C.M.D.; supervision, J.E.B. and F.M.R.; visualization, S.T. and C.M.D.; writing—original draft, S.T.;
writing—review and editing, C.M.D., S.C., F.T.R., A.W.J.J., R.R., A.S.K., E.R., V.G., F.S., J.E.B. and
F.M.R. All authors have read and agreed to the published version of the manuscript.

Funding: The identification, collection, transportation and laboratory analysis of surveillance samples
was funded as part of the World Health Organization Rotavirus Regional Surveillance activity. The
World Health Organization provided funds to set up the initial rotavirus surveillance (2005–2007)
and an additional World Health Organization grant [Registry File No. V27-181-188] for data collected
between 2006 and 2013. A Merck investigator grant (IISP ID#:35248) funded the early work in
Savusavu (2009–2010). Surveillance data collected between 2014 and 2018 by the Department of
Foreign Affairs and Trade of the Australian Government and Fiji Health Sector Support Program
(FHSSP). FHSSP is implemented by Abt JTA on behalf of the Australian Government. The Murdoch
Children’s Research Institute is supported by the Victorian Government’s Operational Infrastructure
Support program. Funders had no role in study design, data collection, data analysis, interpretation,
writing of the report. C.M.D. is supported through the Australian National Health and Medical
Research Council with an Early Career Fellowship (1113269). F.M.R. is supported through Australian
National Health and Medical Research Council with an Early Career Fellowship and Translating into
Practice Fellowship.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Fiji National Research Ethics Review Committee
(number 2013-40) and from the University of Melbourne Human Research Ethics Committee for
the initial study surveillance in Colonial War Memorial Hospital 2005–2012 (Ethics ID:050546X) and
Savusavu from 2010–2012 (Ethics ID:0931282).

Informed Consent Statement: Informed consent was obtained from participant’s parents between
2005 and 2012; from June 2012, the Fiji Ministry of Health and Medical Services considered this public
health surveillance and no longer required written consent.

Data Availability Statement: Data is contained within the article.

Acknowledgments: We gratefully acknowledge Rachel Devi; Kathryn Bright; Beth Temple; Lisi
Tikoduadua; Joe Kado; E. Kim Mulholland; Kimberley K. Fox; and Mike Kama for assistance in
collection of stool samples in Fiji. We acknowledge Josephine Logronio, WHO Western Pacific
Regional Office. We gratefully acknowledge Carl D. Kirkwood, Nada Bogdanovic-Sakran, Huy Tran
and the Enteric Disease Group MCRI for their assistance within the laboratory.

Conflicts of Interest: C.M.D. has served on a rotavirus advisory board for GSK (2019); all payments
were paid directly to an administrative fund held by Murdoch Children’s Research Institute. J.E.B. is
lead for the Rotavirus Vaccine Program at Murdoch Children’s Research Institute that aims to develop
an affordable rotavirus vaccine, RV3-BB. J.E.B. is Director of the Australia Rotavirus Surveillance
Program that receives funding from the Australian Commonwealth Department of Health and Aging
and GlaxoSmithKline. The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.
All other authors declare no conflict of interest.



Pathogens 2021, 10, 358 10 of 11

References
1. Troeger, C.; Khalil, I.A.; Rao, P.C.; Cao, S.; Blacker, B.F.; Ahmed, T.; Armah, G.; Bines, J.E.; Brewer, T.G.; Colombara, D.V.; et al.

Rotavirus Vaccination and the Global Burden of Rotavirus Diarrhea Among Children Younger Than 5 Years. JAMA Pediatr. 2018,
172, 958–965. [CrossRef] [PubMed]

2. Desselberger, U. Rotaviruses. Virus Res. 2014, 190, 75–96. [CrossRef]
3. Rotavirus Classification Working Group. List of Accepted Genotypes. Available online: https://rega.kuleuven.be/cev/

viralmetagenomics/virus-classification/rcwg (accessed on 1 October 2020).
4. Clarke, E.; Desselberger, U. Correlates of protection against human rotavirus disease and the factors influencing protection in

low-income settings. Mucosal Immunol. 2015, 8, 1–17. [CrossRef] [PubMed]
5. Roczo-Farkas, S.; Kirkwood, C.D.; Cowley, D.; Barnes, G.L.; Bishop, R.F.; Bogdanovic-Sakran, N.; Boniface, K.; Donato, C.M.;

Bines, J.E. The impact of rotavirus vaccines on genotype diversity: A comprehensive analysis of two decades of Australian
surveillance data. J. Infect. Dis. 2018, 218, 546–554. [CrossRef] [PubMed]

6. Aliabadi, N.; Antoni, S.; Mwenda, J.M.; Weldegebriel, G.; Biey, J.N.M.; Cheikh, D.; Fahmy, K.; Teleb, N.; Ashmony, H.A.; Ahmed,
H.; et al. Global impact of rotavirus vaccine introduction on rotavirus hospitalisations among children under 5 years of age,
2008–2016: Findings from the Global Rotavirus Surveillance Network. Lancet Glob. Health 2019, 7, e893–e903. [CrossRef]

7. United Nations Pacific. Socio-Economic Impact Assessment of COVID-19 in Fiji July 2020. Available online: https://www.
pacific.undp.org/content/pacific/en/home/library/socio-economic-impact-assessment-of-covid-19-in-fiji.html (accessed on
8 December 2020).

8. World Health Organization. Fiji Key Indicators. Available online: https://apps.who.int/gho/data/node.cco.ki-FJI?lang=en
(accessed on 15 October 2020).

9. Jenney, A.; Tikoduadua, L.; Buadromo, E.; Barnes, G.; Kirkwood, C.D.; Boniface, K.; Bines, J.; Mulholland, K.; Russell, F. The
burden of hospitalised rotavirus infections in Fiji. Vaccine 2009, 27 (Suppl. 5), F108–F111. [CrossRef]

10. World Health Organization. WHO and UNICEF Estimates of National Immunization Coverage. 2020. Available online:
https://www.who.int/immunization/monitoring_surveillance/data/fji.pdf (accessed on 14 January 2020).

11. Jenney, A.W.; Reyburn, R.; Ratu, F.T.; Tuivaga, E.; Nguyen, C.; Covea, S.; Thomas, S.; Rafai, E.; Devi, R.; Bright, K.; et al. The
impact of the rotavirus vaccine on diarrhoea five years following national introduction in Fiji. Lancet Reg. Health-West. Pac.
2020. [CrossRef]

12. Dóró, R.; Marton, S.; Bartókné, A.H.; Lengyel, G.; Agócs, Z.; Jakab, F.; Bányai, K. Equine-like G3 rotavirus in Hungary, 2015—Is it
a novel intergenogroup reassortant pandemic strain? Acta Microbiol. Immunol. Hung. 2016, 63, 243–255. [CrossRef]

13. Malasao, R.; Saito, M.; Suzuki, A.; Imagawa, T.; Nukiwa-Soma, N.; Tohma, K.; Liu, X.; Okamoto, M.; Chaimongkol, N.; Dapat, C.;
et al. Human G3P[4] rotavirus obtained in Japan, 2013, possibly emerged through a human-equine rotavirus reassortment event.
Virus Genes 2015, 50, 129–133. [CrossRef] [PubMed]

14. Luchs, A.; Da Costa, A.C.; Cilli, A.; Komninakis, S.C.V.; Carmona, R.D.C.C.; Boen, L.; Morillo, S.G.; Sabino, E.C.; Timenetsky,
M.D.C.S.T. Spread of the emerging equine-like G3P[8] DS-1-like genetic backbone rotavirus strain in Brazil and identification of
potential genetic variants. J. Gen. Virol. 2019, 100, 7–25. [CrossRef]

15. Jain, S.; Vashistt, J.; Changotra, H. Rotaviruses: Is their surveillance needed? Vaccine 2014, 32, 3367–3378. [CrossRef] [PubMed]
16. Matthijnssens, J.; Bilcke, J.; Ciarlet, M.; Martella, V.; Bányai, K.; Rahman, M.; Zeller, M.; Beutels, P.; Van Damme, P.; Van Ranst, M.

Rotavirus disease and vaccination: Impact on genotype diversity. Future Microbiol. 2009, 4, 1303–1316. [CrossRef] [PubMed]
17. Perkins, C.; Mijatovic-Rustempasic, S.; Ward, M.L.; Cortese, M.M.; Bowen, M.D. Genomic Characterization of the First Equine-Like

G3P[8] Rotavirus Strain Detected in the United States. Genome Announc. 2017, 5. [CrossRef] [PubMed]
18. Markkula, J.; Hemming-Harlo, M.; Salminen, M.T.; Savolainen-Kopra, C.; Pirhonen, J.; Al-Hello, H.; Vesikari, T. Rotavirus

epidemiology 5–6 years after universal rotavirus vaccination: Persistent rotavirus activity in older children and elderly. Infect.
Dis. 2017, 49, 388–395. [CrossRef] [PubMed]

19. Luchs, A.; Cilli, A.; Morillo, S.G.; Gregório, D.D.S.; De Souza, K.A.F.; Vieira, H.R.; Fernandes, A.D.M.; Carmona, R.D.C.C.;
Timenetsky, M.D.C.S.T. Detection of the emerging rotavirus G12P[8] genotype at high frequency in brazil in 2014: Successive
replacement of predominant strains after vaccine introduction. Acta Trop. 2016, 156, 87–94. [CrossRef]

20. Parry, C.M.; Crump, J.A.; Rosa, V.; Jenney, A.; Naidu, R.; Mulholland, K.; Strugnell, R.A. A retrospective study of patients with
blood culture-confirmed typhoid fever in Fiji during 2014–2015: Epidemiology, clinical features, treatment and outcome. Trans. R.
Soc. Trop. Med. Hyg. 2019, 113, 764–770.

21. Kama, M.; Aubry, M.; Al, M.K.E.; Vanhomwegen, J.; Mariteragi-Helle, T.; Teissier, A.; Paoaafaite, T.; Hué, S.; Hibberd, M.L.;
Manuguerra, J.-C.; et al. Sustained Low-Level Transmission of Zika and Chikungunya Viruses after Emergence in the Fiji Islands.
Emerg. Infect. Dis. 2019, 25, 1535–1538. [CrossRef]

22. Aubry, M.; Kama, M.; Henderson, A.D.; Teissier, A.; Vanhomwegen, J.; Mariteragi-Helle, T.; Paoaafaite, T.; Manuguerra, J.-C.;
Christi, K.; Watson, C.H.; et al. Low chikungunya virus seroprevalence two years after emergence in Fiji. Int. J. Infect. Dis. 2020,
90, 223–225. [CrossRef] [PubMed]

23. Coulson, B.S.; Unicomb, L.E.; Pitson, G.A.; Bishop, R.F. Simple and specific enzyme immunoassay using monoclonal antibodies
for serotyping human rotaviruses. J. Clin. Microbiol. 1987, 25, 509–515. [CrossRef] [PubMed]

http://doi.org/10.1001/jamapediatrics.2018.1960
http://www.ncbi.nlm.nih.gov/pubmed/30105384
http://doi.org/10.1016/j.virusres.2014.06.016
https://rega.kuleuven.be/cev/viralmetagenomics/virus-classification/rcwg
https://rega.kuleuven.be/cev/viralmetagenomics/virus-classification/rcwg
http://doi.org/10.1038/mi.2014.114
http://www.ncbi.nlm.nih.gov/pubmed/25465100
http://doi.org/10.1093/infdis/jiy197
http://www.ncbi.nlm.nih.gov/pubmed/29790933
http://doi.org/10.1016/S2214-109X(19)30207-4
https://www.pacific.undp.org/content/pacific/en/home/library/socio-economic-impact-assessment-of-covid-19-in-fiji.html
https://www.pacific.undp.org/content/pacific/en/home/library/socio-economic-impact-assessment-of-covid-19-in-fiji.html
https://apps.who.int/gho/data/node.cco.ki-FJI?lang=en
http://doi.org/10.1016/j.vaccine.2009.08.071
https://www.who.int/immunization/monitoring_surveillance/data/fji.pdf
http://doi.org/10.1016/j.lanwpc.2020.100053
http://doi.org/10.1556/030.63.2016.2.8
http://doi.org/10.1007/s11262-014-1135-z
http://www.ncbi.nlm.nih.gov/pubmed/25352228
http://doi.org/10.1099/jgv.0.001171
http://doi.org/10.1016/j.vaccine.2014.04.037
http://www.ncbi.nlm.nih.gov/pubmed/24793942
http://doi.org/10.2217/fmb.09.96
http://www.ncbi.nlm.nih.gov/pubmed/19995190
http://doi.org/10.1128/genomeA.01341-17
http://www.ncbi.nlm.nih.gov/pubmed/29167260
http://doi.org/10.1080/23744235.2016.1275773
http://www.ncbi.nlm.nih.gov/pubmed/28067093
http://doi.org/10.1016/j.actatropica.2015.12.008
http://doi.org/10.3201/eid2508.180524
http://doi.org/10.1016/j.ijid.2019.10.040
http://www.ncbi.nlm.nih.gov/pubmed/31689529
http://doi.org/10.1128/JCM.25.3.509-515.1987
http://www.ncbi.nlm.nih.gov/pubmed/3033013


Pathogens 2021, 10, 358 11 of 11

24. Gomara, M.I.; Cubitt, D.; Desselberger, U.; Gray, J. Amino acid substitution within the VP7 protein of G2 rotavirus strains
associated with failure to serotype. J. Clin. Microbiol. 2001, 39, 3796–3798. [CrossRef]

25. Simmonds, M.K.; Armah, G.; Asmah, R.; Banerjee, I.; Damanka, S.; Esona, M.; Gentsch, J.R.; Gray, J.J.; Kirkwood, C.; Page, N.;
et al. New oligonucleotide primers for P-typing of rotavirus strains: Strategies for typing previously untypeable strains. J. Clin.
Virol. 2008, 42, 368–373. [CrossRef] [PubMed]

26. Kirkwood, C.D.; Roczo-Farkas, S.; Australian Rotavirus Surveillance Group. Australian Rotavirus Surveillance Program annual
report, 2013. Commun. Dis. Intell. Q. Rep. 2014, 38, E334–E342. [PubMed]

27. Maes, P.; Matthijnssens, J.; Rahman, M.; Van Ranst, M. RotaC: A web-based tool for the complete genome classification of group a
rotaviruses. BMC Microbiol. 2009, 9, 238. [CrossRef] [PubMed]

http://doi.org/10.1128/JCM.39.10.3796-3798.2001
http://doi.org/10.1016/j.jcv.2008.02.011
http://www.ncbi.nlm.nih.gov/pubmed/18378188
http://www.ncbi.nlm.nih.gov/pubmed/25631596
http://doi.org/10.1186/1471-2180-9-238
http://www.ncbi.nlm.nih.gov/pubmed/19930627

	Introduction 
	Results 
	Study Samples 
	Genotype Distribution and the Impact of Vaccine Introduction 

	Discussion 
	Materials and Methods 
	Population and Study Sites 
	Participants 
	Genotyping 
	Data Analysis 

	References

