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Abstract 

Acute gastroenteritis is a leading cause of morbidity worldwide with a higher burden among 

children and disadvantaged populations. Rotavirus is the most common cause of severe 

gastroenteritis in young children. Rotavirus vaccines have been included in the publicly funded 

National Immunisation Program in Australia from July 2007. The program in Western Australia 

initially provided Rotarix (RV1) at ages 2 and 4 months and then switched to RotaTeq (RV5) at 

ages 2, 4 and 6 months from July 2009.  

 

The overall aim of this thesis was to describe the impact of rotavirus vaccination on the 

epidemiology of gastroenteritis (rotavirus-specific and all-cause gastroenteritis) in the 

Western Australian population. The specific aims were to  

1. estimate the burden of gastroenteritis in the population, prior to and following 

rotavirus vaccination introduction 

2. identify the maternal and infant characteristics and population attributable fractions 

(PAFs) associated with childhood gastroenteritis-coded hospitalisations 

3. evaluate the timeliness and determinants of rotavirus vaccination uptake in the 

population 

4. assess the effectiveness of rotavirus vaccines in preventing rotavirus infection in 

children and  

5. examine the association between rotavirus vaccination and intussusception in 

children. 

 

Utilising routinely collected administrative data, this thesis used various epidemiological and 

statistical methods (including interrupted time-series analysis, Cox regression modelling and 

logistic regression modelling) and appropriate study designs (including retrospective cohort 

and case-control study designs) to address the different aims. 
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Results 

The burden of gastroenteritis-coded hospitalisations was highest among children aged <12 

months (19.3 per 1000 population) followed by the 12-23 months and ≥65 years age groups 

(18.2 per 1000 population). Aboriginality, male gender, maternal age <20 years, pre-term birth 

(<33 weeks), low birthweight (<1500g), residence in remote regions of Western Australia and 

birth in the pre-rotavirus vaccination era were identified as significant independent risk 

factors for gastroenteritis-coded hospitalisations in children. The PAFs suggest that 39% of all 

gastroenteritis-coded hospitalisations in non-Aboriginal children (38% in Aboriginal children) 

could have been averted if all children were born at the time of an established rotavirus 

vaccination program.  

 

Vaccine coverage analysis suggested that the upper age restriction for rotavirus vaccines was 

the major factor influencing lower coverage for the vaccine (85.4% uptake among non-

Aboriginal children and 73.3% among Aboriginal children) when compared with other routine 

infant vaccines with the same administration schedule like diphtheria-tetanus-pertussis 

vaccine (≥90% uptake among both Aboriginal and non-Aboriginal children). Higher birth order, 

pre-term birth, low birthweight, maternal age <20 years and maternal smoking during 

pregnancy were independently associated with decreased vaccine uptake in both Aboriginal 

and non-Aboriginal children. 

 

Following rotavirus vaccination introduction, significant reductions in rotavirus-coded 

hospitalisation rates (by 79% among non-Aboriginal and 66% among Aboriginal) and rotavirus 

notification rates (by 60% overall) were observed in children aged <5 years, with increases 

observed in adults aged ≥65 years. The adjusted vaccine effectiveness, against laboratory-

confirmed rotavirus notification, for a full course of either rotavirus vaccine was 72% (95% CI: 

56, 82) and 71% (95% CI: 50, 84) for partial vaccination (one dose of RV1 or one/two doses of 
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RV5). The vaccine effectiveness for a complete 3-dose course of RV5 was 82% (95% CI: 59, 92) 

and for a full 2-dose course of RV1 was 73% (95% CI: 55, 83).  

 

Among children aged <5 years, a 70% (95% CI: 39, 107) increase in intussusception-coded 

hospitalisation rates was observed after the introduction of rotavirus vaccination in Western 

Australia. However, the increased risk was evident only among children aged ≥12 months.  

Adenovirus detection was also strongly associated with intussusception. 

 

Conclusions 

This thesis demonstrates the significant impact of the nationally funded rotavirus vaccination 

program on both rotavirus-specific and all-cause gastroenteritis. The magnitude of the direct 

and indirect protection afforded by the vaccines against rotavirus gastroenteritis far 

outweighs any minimal increased risk of intussusception following vaccination. Substantial 

burden of disease still exists among high-risk populations including Aboriginal children. This is, 

in part, associated with lower vaccine coverage and delayed vaccine use. Informed by further 

research, numerous strategies to reduce the ongoing burden of rotavirus disease and improve 

timely rotavirus vaccination coverage need consideration. The risk-benefit of modification of 

existing schedules including relaxation of the upper age limit to enable catch up vaccination, 

additional doses to high risk population, mixed schedules, vaccinating older adults and use of 

newer rotavirus vaccines (including neonatal vaccines [RV3-BB] currently undergoing efficacy 

trials) requires evaluation. 
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1.1 Preamble 

Acute infectious gastroenteritis is a leading cause of childhood morbidity and mortality 

worldwide.1 Acute gastroenteritis can be caused by a multitude of bacterial, viral and parasitic 

pathogens.1 However, rotavirus is the most common pathogen associated with 

gastroenteritis.2 To combat the burden of severe rotavirus disease, two oral live attenuated 

rotavirus vaccines, RV1 (Rotarix; GlaxoSmithKline Biologicals) and RV5 (RotaTeq; Merck & Co.) 

were licensed for use in 2006 and are currently being used in more than 100 countries 

worldwide including Australia. In 2018, two new rotavirus vaccines - Rotavac and ROTASIIL -

were licensed for use, but as of mid-2019, these vaccines are currently only in routine use in 

India. 

 

In Western Australia, gastroenteritis was found to be the second most common infection-

related cause of hospitalisation after acute lower respiratory infections in young children.3 At 

the time of commencement of my PhD candidature, data on the burden and epidemiology of 

acute gastroenteritis (including rotavirus gastroenteritis) in the Western Australian population 

were scarce. Also, there was no evaluation of the impact and effectiveness of the rotavirus 

vaccination program on rotavirus-specific gastroenteritis and all-cause gastroenteritis in 

Western Australia. This thesis aims to assess the burden of gastroenteritis (prior to and after 

the introduction of the vaccine) across all ages in the population and evaluate the uptake, 

effectiveness and safety of rotavirus vaccination in Western Australian children and identify 

further key gaps in knowledge and local data.  

 

This thesis is presented as a series of papers with each results chapter (Chapters 5 through 10) 

corresponding to a specific aim of this body of research. Chapters 7 through 9 have been 

published and Chapters 5 and 10 have been submitted for publication and are now under 

review. Chapter 6 has been formatted as a paper but has not yet been submitted for 
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publication. Copies of the published/submitted papers and author declarations are attached 

in the Appendices. Each individual chapter includes an introduction, methods specific to the 

study, results and discussion. All chapters in this thesis are prefaced by a preamble that details 

the purpose and publishing status (for the results chapters) of the chapter and how it relates 

to the previous chapters and to the overall and specific aims of the thesis.   

 

1.2 Overview of the chapters 

Chapter 2 is a review of the current literature around the epidemiology of gastroenteritis 

(with particular emphasis on rotavirus gastroenteritis) and rotavirus vaccination relevant to 

this thesis. Chapter 3 outlines the research aims of the thesis, whilst Chapter 4 provides an 

overview of the datasets used in this thesis and the methodologies common to each of the 

results chapters. Chapters 5 through 10 describe the results of the analyses specific to the 

aims of this body of research. Finally, Chapter 11 summarises the findings of this thesis with a 

discussion of the implications, recommendations for policy and future directions for research.  

 



 

 

 

 

 

 

Chapter 2 

REVIEW OF THE LITERATURE 

 

Chapter 2 Review of the literature 
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2.1 Preamble 

This chapter provides an overview of the literature relevant to the topic of this thesis. The 

primary aim of this thesis is to evaluate rotavirus vaccination (including impact on disease 

burden of all-cause and rotavirus-specific gastroenteritis, effectiveness and safety) in Western 

Australia. Therefore, following a brief introduction to all-cause gastroenteritis (including risk 

factors and aetiology of gastroenteritis), a significant proportion of this literature review 

chapter will be focussed on describing the characteristics of the rotavirus pathogen, the 

epidemiology of human rotavirus infection, rotavirus vaccines and the impact of rotavirus 

vaccination globally and in Australia.  

 

2.2 Acute infectious gastroenteritis 

Acute infectious gastroenteritis (hereafter referred to as gastroenteritis) is defined as 

diarrhoea and/or vomiting with a duration of less than two weeks. This may be accompanied 

by fever, abdominal cramps/pain, lack of energy and loss of appetite. Globally, it is one of the 

leading causes of illness and death in the world; in 2015, the annual global burden of 

gastroenteritis was estimated at 71.6 million disability adjusted life years and approximately 

1.3 million deaths.1 The morbidity and mortality burden of gastroenteritis is greatest among 

children aged less than 5 years, accounting for an estimated 8-10% of all deaths in this age 

group each year.1 Gastroenteritis is pervasive in both high-income and low- and middle-

income countries. In low- and middle-income countries, the burden of both fatal and non-fatal 

gastroenteritis is exceptionally high because of unsafe potable water supply and/or poor 

sanitation and health impacts are exacerbated by malnutrition and other prevalent 

comorbidities. Approximately 99% of all gastroenteritis deaths occur in low- and middle-

income countries, especially in Asia and Africa.1 In high-income countries, although 

gastroenteritis is one of the frequent causes of outpatient visits, emergency department 
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presentations and hospitalisation in young children and the elderly, deaths due to 

gastroenteritis are rare.1  

 

2.2.1 Aetiology 

Gastroenteritis occurs due to inflammation of the gastrointestinal tract. The aetiology of 

gastroenteritis (and the prevalence of each contributing pathogen) varies according to the 

demographic, socioeconomic, environmental and seasonal factors of each geographical 

region. It is also influenced by the immune status and comorbidities of the host. Starting with 

cholera, the role of bacteria in causing gastroenteritis has been well established since the mid-

nineteenth century. Although the existence of non-bacterial pathogens causing gastroenteritis 

has been hypothesised since the latter part of the nineteenth century, it wasn’t until 1972 

that the first virus (Norwalk virus) associated with human gastroenteritis was identified.4 Since 

then, numerous other viruses have been identified as causative agents for human 

gastroenteritis. Table 2.1 lists some of the pathogens, including bacteria, viruses and parasites 

(protozoans and worms), that have been identified as primary causes of gastroenteritis. 

 

Table 2.1 List of common pathogens associated with gastroenteritis 

BACTERIA VIRUSES 
PARASITES 

Protozoa  Helminths 
Campylobacter jejuni Rotavirus Giardia lamblia Ascaris lumbricoides 
Salmonella typhi Norovirus Entamoeba histolytica Cestoda (Taenia species) 
Salmonella paratyphi Adenovirus Cryptosporidium species Strongyloides stercoralis 
Non-typhoid Salmonella 
species Enterovirus Balantidium Coli Ancylostoma duodenale 

Shigella species Calcivirus Cystoisospora belli Necator americanus 
Escherichia coli species Astrovirus Blastocystis hominis   
Yersinia enterocolitica Sapovirus   
Listeria species    
Clostridium difficile    
Aeromonas species    
Staphylococcus species    
Bacillus species    
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2.2.2 Risk factors 

Identification of risk groups or risk factors for acute gastroenteritis is central to the 

development and implementation of targeted preventive public health policies. The incidence 

and progression of gastroenteritis is influenced by several host and environmental factors.  

 

The Global Burden of Disease Study 2015 identified unsafe water (responsible for 61.1 million 

disability adjusted life years) and poor sanitation (responsible for 40.0 million disability 

adjusted life years) as the leading risk factors for gastroenteritis globally.1 Additionally, 

wasting, suboptimal breast feeding, vitamin A deficiency, zinc deficiency and malnutrition 

were identified as leading risk factors for gastroenteritis among children aged less than 5 

years.1 Gastric acidity, intestinal dysmotility, antibiotic use, overcrowded living conditions and 

impaired immunity have also been reported to be factors that can predispose an individual to 

gastroenteritis.5 Low gestational age and caesarean section have also been identified as being 

predictors of childhood gastroenteritis.6,7 A two decade-old study examined a multitude of 

perinatal risk factors associated with hospitalisations for gastroenteritis and concluded that 

low birth weight, maternal smoking during pregnancy and maternal age less than 20 years 

were associated with increased risk of hospitalisation for viral gastroenteritis.8   

   

Due to improved public health hygiene and sanitation measures (including provision of clean 

drinking water, hand washing and proper disposal of waste) and the introduction of bacterial 

vaccines, the incidence of bacterial and parasitic gastrointestinal infections has declined. 

However, viral gastroenteritis continues to occur with rotavirus being the predominant 

aetiological agent in both the high-income and low- and middle-income countries.1,2 Globally, 

prior to the introduction of rotavirus vaccines, rotavirus accounted for 29-45% of all severe 

childhood gastroenteritis requiring hospitalisation with over 600,000 deaths.9  
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2.3 Rotavirus 

The rotavirus genus within the Reoviridae family consists of a large varied group of viruses 

that are known to cause gastroenteritis in a wide variety of animal species including humans. 

Human rotavirus was first identified in 1973 by Ruth Bishop and colleagues in Australia, by 

electron microscopy of duodenal epithelium of children hospitalised with acute 

gastroenteritis.10 Due to the unique wheel-like appearance of the viral particle, Flewett et al. 

proposed that the virus be called ‘rotavirus’.11  

 

2.3.1 Morphology 

Rotaviruses are segmented, double-stranded RNA viruses and are characterised by their 

distinct icosahedral or wheel-like structure as observed by negative-staining electron 

microscopy (Figure 2.1). The viral unit (virion) is composed of a non-enveloped, triple-layered 

protein capsid (60-75 nm in diameter). The inner layer of this capsid (core) encases the 11 

segments of the double-stranded RNA viral genome. The viral genome encodes for six 

structural viral proteins (VP1, VP2, VP3, VP4, VP6 and VP7) and six non-structural proteins 

(NSP1-NSP6).12 The structural proteins form three concentric layers, the internal layer or core 

(formed by VP1-3), the inner capsid (formed by VP6) and the outer capsid (containing VP4 and 

VP7); Figure 2.2.13 
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Figure 2.1 Electron micrograph of rotavirus, as seen in preparations of stool samples 
(Source: CDC, 2017)14 

 

 

Figure 2.2  Schematic representation of a rotavirus virion (Source: Angel et al, 2007)15 
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The inner core, surrounding the viral genome, is predominantly composed of VP2 which in 

conjunction with VP1 and VP3 forms the icosahedral skeletal structure. The intermediate 

layer, inner capsid, is composed of VP6 arranged as pillars in the icosahedral lattice.16,17 VP6 

makes up 60% of the total viral protein by weight and provides stability to the fragile core. 

More than 90% of the rippled protein layer of the virion surface is made up of VP7.17 VP4 

forms the characteristics spike-like structures that protrude more than 10nm from the outer 

capsid and because of its haemagglutinin property, has been identified as the important 

determinant of viral virulence. Both VP4 and VP7 are the primary targets of humoral 

immunity. The non-structural proteins are produced in infected cells and are involved in 

various aspects of viral replication (NSP1, 2, 3, 5, 6), morphogenesis (NSP4) and virulence 

(NSP1 in mice, NSP4).12 NSP4 also functions as an enterotoxin.18  

 

2.3.2 Serological classification 

Rotaviruses exhibit extensive antigenic and genomic diversity. The major antigenic properties 

of rotaviruses (group, subgroup and serotype) are determined by the viral capsid proteins. 

Based on the genetic differences and antigenic specificity of the inner capsid protein VP6, 

rotaviruses are classified into 7 groups (A-G) and 4 subgroups (SG I, II, I+II, non-I and non-II).4,19 

Rotavirus strains are generally species-specific with humans being the main reservoir of 

human rotavirus strains. Most human pathogens belong to groups A, B and C with group A 

being the most predominant cause of human infections worldwide and therefore, the most 

important from a public health standpoint.20 

 

Group A rotaviruses were previously classified into serotypes on the basis of the neutralising 

epitopes of the glycoprotein VP7 (G serotypes) and protease-sensitive VP4 (P serotypes). With 

the advent of genetic sequencing, this antigenic classification of serotypes has now been 

replaced by genotype classification and accordingly, the use of ‘serotypes’ has been replaced 
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with ‘genotypes’. Since the genes encoding for these two proteins can segregate 

independently, a dual classification scheme to designate the neutralisation specificity of both 

the proteins has been established – for example G1P[8].19 To date, 27 G genotypes and 35 P 

genotypes and 70 different G-P combinations have been identified and described in humans 

and various animal species. Globally, among human rotavirus, G1, G3, G4 and G9 are 

frequently associated with P1A[8] and G2 with P1B[4].21  

 

During mixed infection with more than one rotavirus strain, the gene segments from the 

parental viruses may reassort independently and produce reassortants of mixed parentage 

leading to viral diversity.20 Although, unlike influenza virus, this reassortment has not, thus far, 

resulted in the evolution of new highly pathogenic serotypes in the human population, novel 

and rare genotypes have emerged in humans in recent years.17,22  

 

2.3.3 Pathogenesis 

After ingestion, rotavirus particles are carried to the small intestine where they target and 

infect the mature absorptive villous epithelium, or enterocytes, of the proximal two thirds of 

the small intestine. After cytolytic replication in the mature enterocytes, infectious particles 

are released into the intestinal lumen and can infect the distal portions of the small intestine 

or be excreted in the faeces.23  

 

Rotavirus infection induces diarrhoea by several mechanisms. Virus-associated cytolytic cell 

death of the infected enterocytes and desquamation leads to atrophy and blunting of the 

villous epithelium. This results in reduced absorptive and digestive capacity of the intestinal 

epithelium followed by a reactive proliferation of the secretory crypt cells.24 This leads to 

increased secretion of fluid and electrolyte into the lumen (Figure 2.3). Epithelium dysfunction 

also leads to reduced expression of certain digestive enzymes which impairs the 
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electrochemical gradient and osmotic balance, and this further exacerbates fluid loss.24 

Stimulation of the secretomotor neurons of the enteric nervous system by rotavirus, via 

vasoactive intestinal peptides, may also play a role in pathogenesis.25 NSP4, an enterotoxin, 

disturbs the cellular homeostasis and causes increased membrane permeability of the 

intestinal epithelium to electrolytes by triggering an intracellular calcium-dependent signalling 

pathway.18,26  

 

The mechanism of vomiting in rotavirus infection is not clear. It has been suggested that 

vomiting could be due to the result of early cytokine release acting centrally or delayed gastric 

emptying. In ex vivo studies, NSP4 stimulates the secretion of serotonin which in turn 

activates the vagal efferent nerves that are connected to brainstem structures associated with 

nausea and vomiting.27  

 

 

Figure 2.3 Potential mechanisms of rotavirus pathogenesis in the villous epithelium of the 
small intestine (Source: JHSPHOpen Courseware)28 
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2.3.4 Mode of transmission 

Rotavirus is predominantly transmitted by the faecal-oral route. The viruses are shed in large 

numbers in the stool during episodes of gastroenteritis for 7-10 days and in severe cases for 

up to 21 days. Compared with asymptomatic infections, the duration of shedding is longer and 

the viral load (in the stools) higher in symptomatic infections. The virion particles are quite 

resilient; it has been shown that the virus can survive and remain viable on inanimate objects 

or fomites for days and up to 4 hours on human fingers.29  As few as <100 infectious virus 

particles are enough to initiate infections and facilitate spread from person to person.4 

Therefore, transmission of the virus through person-to-person contact, respiratory secretions 

and through contact with contaminated fomites is common.  

 

2.3.5 Clinical features 

After a short incubation period of 24-48 hours, infection may vary in intensity from an 

asymptomatic illness to severe diarrhoea. The onset of illness starts usually with non-bilious 

vomiting (in up to 50% of cases) followed by profuse watery non-bloody diarrhoea and is 

often accompanied by low-grade fever.30 The diarrhoea may be profuse and 10-20 bowel 

movements per day are common, which may lead to iso-osmotic or hyperosmotic dehydration 

requiring hospitalisation.23 Symptoms generally resolve within one week and viral shedding 

mostly ceases 7-8 days after onset of symptoms.30  

 

Rotavirus infection is usually confined to the intestinal mucosa and systemic spread of 

rotavirus is rare in immunocompetent individuals, however, patients with underlying 

immunodeficiency are at risk of sustained symptoms and rotavirus dissemination.23 In 

malnourished or immunocompromised children and adults, viremia is common, potentially 

leading to extraintestinal infection. Rotavirus RNA has been detected in urine,31 upper-

respiratory samples,32 liver and kidney sections of immunocompromised children33 and in the 
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cerebrospinal fluid.34 Furthermore, chronic rotavirus infection has also been observed in 

immunocompromised children and adults in whom the virus can be shed in the stools for up 

to a year and the strains excreted display evidence of genomic rearrangement.27,35 

 

2.3.6 Immune response following infection 

Individuals can contract rotavirus infections more than once throughout their lifetime. 

However, immunity against rotavirus increases with each episode of infection (regardless of 

whether it is symptomatic or asymptomatic) and therefore subsequent infections are usually 

less severe leading to only mild or even asymptomatic disease. A study on Mexican infants 

showed that protection against asymptomatic and mild diseases increased with each 

subsequent rotavirus infection and a third infection generally conferred total protection 

against mild rotavirus disease.36  

 

The immune correlates of protection elicited by natural rotavirus infection is not fully 

understood.  Humoral, local mucosal and cellular immunity have been postulated to play an 

important role in protection. Humoral immunoglobulin G (IgG) response is stimulated by the 

epitopes present on VP7 and VP4 which induce both serotype-specific and serotype cross-

reacting neutralizing antibodies.37 Following primary infection, neutralising antibodies against 

the VP7 epitope are homotypic or G type-specific, whereas the antibody responses to VP4 are 

heterotypic or cross-reactive. Subsequent reinfection (usually with another rotavirus strain) 

leads to neutralising antibodies to other G serotypes. The serum immunoglobulin A (IgA), 

produced in response to the VP6 antigen, acts intracellularly in rotavirus-infected cells and are 

considered to be markers of rotavirus immunity after immunity and vaccination.37 This local 

mucosal immunity in the intestine is deemed to be important for protection against 

subsequent infection.20 Cross-reacting rotavirus-specific B cell and cytotoxic T lymphocytes 

have also been implicated in protection.25 
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2.3.7 Clinical and laboratory diagnosis  

Clinically, apart from the acute onset vomiting and dehydration seen early in the illness, 

rotavirus infection may be indistinguishable from diarrhoea caused by other viral or bacterial 

agents.30 Laboratory testing of stools is necessary for confirmation of diagnosis. Since more 

than 1010 virions per gram of faeces are excreted during infection, negative-staining electron 

microscopic imaging of faecal samples (which permits visualisation of the pathognomonic 

wheel-like appearance) is a sensitive technique for the diagnosis of rotavirus infection.19,30 

However, this method is laborious, time consuming, requires expertise and does not 

differentiate between the different rotavirus genotypes. Direct and indirect enzyme-linked 

immunosorbent assays (ELISA or EIA) have become commonly used techniques for 

inexpensive, reliable and specific diagnosis of infection with rotavirus. Commercially available 

serologic assay kits are rapid, specific and can detect all genotypes of rotavirus A, but require 

at least 104-107 virions to generate a positive result.38 The passive particle agglutination test 

(LPA) is another rapid technique to diagnose rotavirus infection.27 Polyacrylamide gel 

electrophoresis is an inexpensive and simple method for detection of the viral genome in stool 

specimens. For rotavirus typing, reverse transcription-polymerase chain reaction (RT-PCR), 

which is 1000 times more sensitive than immunoassays, has become the method of choice.19 

More recently, Sanger sequencing and next-generation sequencing techniques are routinely 

used for rotavirus characterisations. 

 

2.3.8 Epidemiology of human rotavirus infection 

2.3.8.1 Rotavirus infection in children 

Rotavirus is the leading cause of severe, dehydrating gastroenteritis in children worldwide and 

diarrhoeal deaths in children in low- and middle-income countries. Rotavirus infects most 

children early in life. Prior to rotavirus vaccine introduction, it was estimated that by the age 

of 5 years, regardless of their country of residence or their socioeconomic status, 80% of 
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children were infected with 1 in 5 to 1 in 8 children requiring medical attention and 1 in 30 to 

1 in 80 requiring hospitalisation for severe disease.9,39 Most symptomatic episodes have been 

observed to occur between 3 months and 2 years of age with a peak incidence between 7 and 

15 months.20 Newborn babies can be infected in the nursery, but these infections are often 

asymptomatic, because of the protective immunity provided by the circulating maternal IgA 

antibodies.40 Although most first infections in children cause mild diarrhoea, 15-20% need 

treatment at a clinic and 1-3% need hospitalisation due to dehydration.41 Prior to rotavirus 

vaccine introduction, rotavirus was associated with the deaths of more than 600,000 children 

every year, mainly in low- and middle-income countries, with the greatest mortality 

(approximately 99% of all rotavirus-associated deaths) in South Asia and sub-Saharan Africa.41  

 

2.3.8.2 Rotavirus infection in adults 

Rotavirus infection in adults has been associated with a wide spectrum of disease severity and 

manifestations. Asymptomatic, subclinical rotavirus infection is usually the most common 

outcome in adults. The relatively mild illness in adults may be the result of previously acquired 

partial immunity.42 However, severe rotavirus infection requiring medical attention can occur 

in adults, with those in contact with infected children having a particularly high risk of 

infection.23 Immunocompromised patients are at risk of severe and sustained symptoms with 

prolonged viral shedding in stools.4,23 

 

Rotavirus is a significant cause of sporadic, endemic infection in adults and is usually present 

in populations large enough to have a continuing supply of susceptible individuals.42 The level 

of endemicity varies according to the geographical distribution and the characteristics of 

patients.23 For example, rotavirus was found to be 3 times higher among Aboriginal and Torres 

Strait Islander (hereafter respectfully referred to as Aboriginal) adults compared to non-

Aboriginal adults in Australia.43 Outbreaks of rotavirus infections often occur in closed 
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communities, like nursing homes or institutions caring for geriatric residents, which do not 

have any discernible contact with paediatric cases.42 In such communities, factors like close 

living quarters, compromised host immunity and multiple comorbid disorders may facilitate 

the spread of infection.23 Outbreaks in geriatric populations are usually limited to mild 

illnesses but there have been reports of severe gastroenteritis and fatalities.42,44,45 

 

The presence of rotavirus in the stools of asymptomatic as well as symptomatic travellers, 

especially among those visiting Central America and the Caribbean, has implicated rotavirus as 

an important contributor to traveller’s diarrhoea among adults.23 There have been reports of 

foodborne outbreaks of group A rotavirus in the United States and Japan.46,47 As rotaviruses 

are stable and can survive in groundwater, a number of rotavirus outbreaks have been 

reported in China, Sweden, Brazil, USA and Russia, subsequently traced to water 

contaminated with faeces.42 Finally, outbreaks can spread within geographically isolated 

populations affecting all ages. The relative isolation and the small size of such groups make 

them vulnerable to novel agents introduced from outside, and the low levels of pre-existing 

immunity facilitate spread to the entire population.42 For example, in 1977, an outbreak of 

rotavirus infection was seen among the Tiriyo Indians in the Amazon basin.48 

 

2.3.8.3 Geographical distribution 

The geographical distribution of group A human rotavirus strains varies across settings 

demonstrating the diversity of rotavirus strains circulating worldwide with strain diversity the 

greatest in Asia and Africa.21,27 Between 1996 and 2005, G1P[8], G2P[4], G3P[8], G4P[8] and 

G9P[8] strains together represented more than 90% of all human rotavirus strains identified in 

North America, Europe and Australia, with G1P[8]  being predominant.15,21 Novel and unusual 

genotypes have been identified in other settings. G9P[6], G5 and G8P[6] rotaviruses are more 

common in some areas of India, Brazil and Africa, respectively, than elsewhere.21  
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The temporal variations in rotavirus distributions are also important. In any geographical 

location, rotaviruses of different G types co-circulate and the relative incidence of G types also 

change over time in the same location.19 Until the early 1990s, there was a predominance of 

G1-G4 strains, but since then G9 rotaviruses have emerged and have been isolated as one of 

the predominant outbreak strains in several locations worldwide.21 G12 strains, which were 

first detected in the Philippines, were rare and were reported to bear P4, P6 or P9 specificity 

but new G12 strains with unusual P specificity have been detected in Korea and in India with 

increasing frequency.49  

 

Group B rotaviruses (also called adult diarrhoea rotavirus) have caused outbreaks of 

gastroenteritis in children and adults in China,50 Bangladesh and in India.19 Group C rotaviruses 

have been associated with outbreaks recently in Brazil and India.51,52 These geographical and 

temporal variations in strains have implications for vaccine effectiveness if the prevalent 

strains diverge from those primarily targeted by the available vaccines. 

 

2.3.8.4 Seasonality 

Seasonality is an important but poorly understood feature of rotavirus diarrhoea. ‘Winter 

gastroenteritis’ and ‘winter vomiting disease’ were recognised illnesses of early childhood 

before rotavirus was discovered and identified as a contributing agent for the disease. 

Seasonal patterns in tropical climates are less pronounced with rotavirus infection generally 

occurring year-round, but there is a slight increase in disease rates during the drier, cooler 

months.20 In high-income countries with temperate climates, epidemic peaks of rotavirus 

infections occur in the cooler months of each year and are less commonly detected in the 

summer months.4  
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2.3.9 Treatment 

Rotavirus infection is usually self-limiting. The primary aim of the treatment of rotavirus 

gastroenteritis is: i) the replacement of the fluids and electrolytes lost by vomiting and 

diarrhoea, ii) maintenance of electrolyte homeostasis and iii) prevention of nutritional deficits 

resulting from poor feeding and increased faecal output of nutrients.30 Therefore, treatment 

of rotavirus infection involves supportive therapy with fluid replacement orally or 

intravenously.  

 

Oral rehydration therapy should be first line of treatment. This starts with an assessment of 

hydration with fluid replacement calculated based on the degree of dehydration. In most 

cases, dehydration can be corrected after as little as six hours of aggressive oral therapy.30 

Most adults and children can be managed by encouraging them to drink fluids. Various 

formulations of oral rehydration salt solutions have been shown to be effective in the 

treatment of dehydration with varying degrees of efficacy. Rehydration solutions with low 

osmolarity has proven to be more effective in reducing diarrhoeal stool output and resulted in 

less vomiting and fewer unscheduled intravenous therapy, especially in young children.53 Oral 

rehydration has been successful in treating dehydration in many countries where facilities for 

parenteral administration of fluids and electrolytes are not readily available.4  

 

Intravenous fluids are recommended only if the fluid and electrolyte loss is not controlled by 

oral hydration and the patient is severely dehydrated or in hypovolemic shock. Administration 

of oral human serum immunoglobulins has been shown to shorten the period of virus 

shedding and diarrhoea but this is not in routine therapeutic use.27 In adults with rotavirus 

diarrhoea, probiotics, codeine, loperamide, diphenoxylate and bismuth salicylate can help 

with symptom relief and control of the volume of diarrhoea.23 Rice-based solutions are 

effective in decreasing total stool output and increasing absorption and retention of fluid and 



22 

 

electrolytes, but only in infants and children with mild to moderate dehydration.4 Zinc 

supplementation for 10–14 days, administration of Lactobacillus species bacteria and antiviral 

therapies (such as nitazoxanide) have been shown to significantly decrease the duration and 

volume of diarrhoea.27,54 

 

2.3.10 Prevention and control 

Since rotavirus infection is transmitted via the faecal-oral route, avoiding contact with 

patients with rotavirus infection and avoidance of potentially contaminated food and water 

can facilitate the prevention of rotavirus infection. Thorough hand washing and good personal 

hygiene are critical in prevention of rotavirus infection. Due to sustained faecal shedding of 

low concentrations of virus, patients should be isolated for the duration of their hospital stay. 

Health care workers and carers should practise rigorous hand washing and use protective 

clothing when taking care of individuals infected with rotavirus.23 A 70% ethanol solution is 

effective in inactivation of rotavirus and can also help to prevent environmental 

contamination. Hypochlorite or sodium dichloro-isocyanurate tablet with free chlorine 

concentration of at least 20,000 parts per million is effective for inactivation of rotavirus on 

contaminated fomites.55 

 

Due to the pervasive nature of rotavirus, enteric disease control measures (including 

improved sanitation and hygiene) has not eliminated virus transmission and the occurrence of 

rotavirus disease. Therefore, rotavirus vaccination is considered to be the primary public 

health intervention for rotavirus infection. 

 

2.4 Rotavirus vaccines 

To combat the enormous burden of rotavirus gastroenteritis, rotavirus vaccine development 

began in the mid-1970s, and was deemed a priority in the 1990s. Since natural rotavirus 
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infection affects the epithelium of the small intestine and the first episode of infection confers 

protection against subsequent severe disease, it was postulated that an effective rotavirus 

vaccine should induce mucosal immunity mediated by the same mechanism as natural 

infection.56 Also, due to the lack of protective effect of natural infection against subsequent 

reinfection, the primary objective of rotavirus vaccination is to prevent moderate to severe 

disease requiring medical attention, in particular hospitalisation, and not necessarily mild 

disease associated with rotavirus. To date, several rotavirus vaccines that have been licensed 

for use (Table 2.2). 

 

2.4.1 Vaccines based on human and/or animal rotavirus strains 

Rotaviruses generally exhibit substantial host-range restriction, and therefore most animal 

rotaviruses are considered to be naturally attenuated in ‘hetereologous’ human hosts and 

vice-versa.15 Vaccine developers have used bovine, rhesus or ovine strains and further 

attenuated them by multiple passaging in cell culture, with the expectation that they would 

confer heterotypic protection against natural challenge with human strains. With the use of 

reassortment techniques, more than one rotavirus G genotype were included to broaden the 

homotypic and heterotypic protection afforded by the vaccines.20 Reassortant strains are 

produced by co-infecting cell cultures with two or more rotavirus strains, thereby generating 

progeny with gene segments from both parents. Reassortant vaccine strains are then 

produced by combining these reassorted rotaviruses using relevant animal strains.56 

 

2.4.1.1 Rhesus rotavirus tetravalent vaccine (RRV-TV) 

The first multivalent, live, oral human-simian reassortant vaccine produced was the RRV-TV 

(Rotashield; Wyeth Laboratories, Inc., Pennsylvania).  This vaccine, consisting of four 

serotypically distinct VP7 strains (G1, G2, G3 and G4), was created in cell culture through the 

reassortment of one human rotavirus (VP7 genes) and three monkey (rhesus) rotavirus 
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Table 2.2 Rotavirus vaccines licensed for use to date 

Name/Trade 
name Manufacturer Type/Composition 

Number of 
recommended 

doses 

Recommended 
age 

Setting and current 
licensure status 

 
Vaccines based on human and/or animal rotavirus strains 
 
RRV-TV; 
Rotashield 

Wyeth Laboratories, Inc., 
Pennsylvania 

Live, oral, attenuated human-monkey 
(rhesus) tetravalent rotavirus 
reassortant strains; Gl, G2, G3 and G4 

3 2, 4, and 6 
months of age 

Licensed in the United 
States in 1998; 
withdrawn from market 
in 1999 
 

RV5; RotaTeq Merck & Co., Inc. Live, oral, attenuated, human-bovine 
pentavalent rotavirus reassortant 
strains G1, G2, G3, G4 and P[8] 
 

3 2, 4, and 6 
months of age 

>100 countries globally 

LLR Lanzhou Institute of 
Biological Products, Lanzhou, 
China 

Live, oral attenuated monovalent 
lamb rotavirus strain G10P[12] 

1 dose/year for 
3 consecutive 
years 
 
Booster  

Between 2 
months to 3 
years 
 
Between 3 and 
5 years 
 

Only in China 

ORV-116E; 
ROTAVAC 

Bharat Biotech, Hyderabad, 
India 

Live, oral, attenuated, human-bovine 
monovalent rotavirus reassortant 
strain G9P[11]  
 

3 6, 10 and 14 
weeks of age 

Only in India 
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Name/Trade 
name Manufacturer Type/Composition 

Number of 
recommended 

doses 

Recommended 
age 

Setting and current 
licensure status 

Vaccines based on human and/or animal rotavirus strains 
 

BRV-PV; 
ROTASIIL 

Serum Institute of India Pvt. 
Ltd., Pune, India 

Live, oral attenuated, human-bovine 
pentavalent reassortant rotavirus 
strains G1, G2, G3, G4, and G9 

 

3 6, 10 and 14 
weeks of age 

Only in India 

 
Vaccines based on human rotavirus strains 
 
RV1; Rotarix   GlaxoSmithKline Live, oral, attenuated, human 

monovalent reassortant rotavirus 
strain G1P[8] 
 

2 2 and 4 months 
of age 

>100 countries globally 

Rotavin-M1 The Center for Research and 
Production of Vaccines and 
Biologicals [PolyVac], 
Vietnam 
 

Live, oral, attenuated, human 
monovalent reassortant rotavirus 
strain G1P[8] 

2 2 and 4 months 
of age 

Only in Vietnam 
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reassortant strains. In efficacy studies, the vaccine was shown to be safe and 80- 100% 

effective at preventing severe rotavirus diarrhoea in young children. In 1998, RRV-TV was 

licensed for use in children in the United States at 2, 4 and 6 months of age.20 However, in 

response to reports of a temporal association between vaccine receipt and increased risk of 

intussusception (or bowel obstruction) in vaccinated infants (1 per 10,000 recipients of RRV-

TV), the vaccine was withdrawn from the market in 1999.57 

 

2.4.1.2 Human-bovine rotavirus reassortant vaccine (RV5) 

RV5 (RotaTeq; Merck & Co., Inc.) is a live, multivalent, oral rotavirus vaccine developed from 

an original Wistar calf 3 (WC3) strain of bovine rotavirus. This strain (G6 and P[5]) was 

reassorted with human rotavirus strains (G1, G2, G3, G4 and P[8]) to create five human-

bovine rotavirus reassortant strains (Figure 2.4).20 The rationale was to combine the high 

antigenicity of the human strain with the rapid growth property of the bovine strain. Since G1, 

G2, G3, G4 and P[8] are the most common circulating human rotavirus strains, this vaccine 

effectively provides broad protective immunity. 

 

Large phase III clinical trials have demonstrated the immunogenicity of RV5 – a three-fold rise 

in anti-rotavirus vaccine IgA was observed in the serum of infants who received the vaccine. 

The efficacy of RV5 was estimated to be 86% (95% CI: 74, 93) against physician visits, 94% 

(95% CI: 89, 97) against emergency department visits, and 96% (95% CI: 91, 98) against 

hospital admissions for rotavirus gastroenteritis.58 Vaccine efficacy against severe G1–G4 

disease was 98% (95% CI: 88, 100) and any severity 74% (95% CI: 67, 80).59  



27 

 

 

Figure 2.4 The components of human-bovine rotavirus reassortment vaccine (Source: 
Dennehy, 2008)20 

 

RV5 is routinely administered in a three-dose schedule at 2, 4 and 6 months of age. To 

minimise the risk of intussusception, it is recommended that the first dose of RV5 be 

administered between 6 and 12 weeks of age and the last dose by 32 weeks; initiation of 

immunisation is not recommended for infants who are older than 12 weeks of age.60 

 

2.4.1.3 Lanzhou lamb rotavirus vaccine 

Lanzhou lamb rotavirus vaccine (LLR; Lanzhou Institute of Biological Products, Lanzhou, China) 

is a live attenuated monovalent vaccine derived from a lamb and is characterised as G10P[12]. 

Although, a phase III trial reported 78% efficacy against rotavirus diarrhea, there is little data 

available on the vaccine's safety, immunogenicity and efficacy.61 This oral vaccine is 

recommended in China as one dose per year for 3 consecutive years in children aged between 

2 months to 3 years and a booster dose between 3 and 5 years.62  
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2.4.1.4 Oral rotavirus vaccine 116E (ORV-116E) 

 ORV-116E (ROTAVAC; Bharat Biotech, Hyderabad, India) is a human-bovine rotavirus vaccine, 

derived from the naturally attenuated and reassorted RV strain, 116E, with a bovine rotavirus 

VP4 gene G9P[11].63 In a pre-licensure phase-III clinical trial, ROTAVAC vaccine efficacy against 

severe rotavirus gastroenteritis in children up to 2 years of age was estimated to be 54% (95% 

CI: 35, 67).63 This vaccine is recommended for infants in a three-dose schedule at the ages of 

6, 10 and 14 weeks. 

 

2.4.1.5 Bovine-human reassortant pentavalent rotavirus vaccine (BRV-PV)  

BRV-PV (ROTASIIL; Serum Institute of India Pvt. Ltd., Pune, India) is a live, oral pentavalent 

bovine-human VP7 reassortant (G1, G2, G3, G4, and G9) rotavirus vaccine. Phase III clinical 

trials have reported the efficacy of BRV-PV as 67% (95% CI: 50, 78) in Niger and 40% (95% CI: 

27, 50) in India.64,65 This vaccine has been recommended to be administered in a three-dose 

schedule at 6, 10, and 14 weeks of age. 

 

2.4.2 Vaccines based on human rotavirus strains 

2.4.2.1 Human monovalent vaccine (RV1) 

 Children infected with rotavirus strain 89-12, isolated from a naturally infected child with 

rotavirus gastroenteritis, developed broadly cross-reactive neutralising-antibody responses to 

similar G1P1A[8] strains.66 Furthermore, symptomatic or asymptomatic infection with these 

strains provided 100% protection against rotavirus gastroenteritis in the following season.15,66 

Thus, a vaccine was formulated from the attenuated version of 89-12 strain and this resulting 

vaccine, RV1 (Rotarix; GlaxoSmithKline), is a live attenuated oral rotavirus vaccine derived 

from the most common human rotavirus strain G1P1A[8].20 
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In clinical trials, the vaccine showed an efficacy of 70-85% against any rotavirus diarrhoea and 

85-93% against severe disease.41,67 It is recommended for use in a two dose course at 2 and 4 

months of age. As with RV5, to minimise the risk of intussusception, it is recommended that 

the first dose of RV1 be administered between 6 and 12 weeks of age and the last dose by 24 

weeks; initiation of immunisation is not recommended for infants who are older than 12 

weeks of age. 

 

2.4.2.2 Rotavin-M1  

Rotavin-M1 (The Center for Research and Production of Vaccines and Biologicals [PolyVac], 

Vietnam) is a live attenuated oral human rotavirus vaccine derived from a human G1P[8] 

strain. A Phase II trial using the 2-dose schedule reported IgA seroconversion of 73% (95% CI: 

58, 88) one month after the second dose,68 however, there is no available data on vaccine 

efficacy. This vaccine is currently being used in Vietnam. 

 

2.4.3 Rotavirus vaccine candidates under development 

Several rotavirus vaccine candidates, based on differing rotavirus strains, dosing schedules 

and routes of administration are presently in the pipeline to improve effectiveness and 

overcome challenges associated with the currently licensed rotavirus vaccines.  

 

RV3-BB (PT BioFarma, Bandung, Indonesia) is an oral vaccine based on an asymptomatic 

naturally attenuated neonatal strain of G3P[6] isolated in Australia.69 Since RV3-BB has the 

ability to replicate in the newborn gut even in the presence of maternal antibodies, this 

vaccine can be administered at birth and thus, provide early protection against rotavirus 

infection.70 Also, since intussusception is rare in newborns, neonatal administration of a 

rotavirus vaccine may offer a safety advantage. The safety and immunogenicity of RV3-BB, 

using both neonatal (0–5 days, 8–10 and 14–16 weeks of age) and infant schedule (4-6, 8–10 
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and 14–16 weeks of age) was demonstrated in a phase 2a trial.71 In a phase 2b randomised, 

placebo-controlled trial, when administered in a 3-dose neonatal schedule, RV3-BB 

demonstrated a vaccine efficacy of 94% (95% CI: 56, 99) at 12 months of age and 75% (95% CI: 

44, 91) at 18 months of age against severe rotavirus gastroenteritis.72 To date, RV3-BB is the 

only vaccine candidate with a P[6] VP4 outer capsid protein. Currently, this vaccine is being 

evaluated in a neonatal dose-ranging study in an African population (Malawi) where the P2[6] 

genotypes are common (https://clinicaltrials.gov/ct2/show/NCT03483116). 

 

Challenges associated with oral vaccines include interference by neutralizing antibodies 

present in breast milk, gastric acid present in the stomach and environmental enteropathy. 

Parentally administered vaccines have the potential to overcome such challenges. Several 

parenteral formulations using inactivated rotavirus particles, protein sub-units or ‘‘virus-like 

particles” (structurally similar to live virus) are being investigated and evaluated in a range of 

animal models. The monovalent P2-VP8-P and trivalent P2-VP8-P[4]P[6]P[8] recombinant 

subunit parenteral non-replicating rotavirus vaccines have been shown to be well tolerated 

and immunogenic (strong IgG response of >98% seroconversion) in South African toddlers and 

infants in a double-blind, randomised, placebo-controlled, dose-escalation study.73 A phase 3 

clinical trial of the trivalent P2-VP8-P[4]P[6]P[8] is currently underway in Africa and India 

(https://clinicaltrials.gov/ct2/show/NCT04010448). An inactivated rotavirus vaccine (IRV), 

based on a G1P[8] strain, has been developed by the Centers for Disease Control and 

Prevention in the United States for parenteral administration. In-human studies using this 

vaccine have been planned following demonstration of heterotypic neutralizing antibody 

response in animal models using various delivery approaches (including administration by 

injection and by microneedle patch).74  

 

https://clinicaltrials.gov/ct2/show/NCT03483116
https://clinicaltrials.gov/ct2/show/NCT04010448
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Combination vaccinations are also currently under development. A combined inactivated 

polio vaccine (IPV)–IRV, based on the G1P[8] strain, has demonstrated lack of interference 

between the two components when administered intramuscularly in animal models.75  

Another combination rotavirus vaccine candidate that has shown good immunoresponse in 

mice models is a vaccine that incorporates norovirus virus-like particles and recombinant 

polymeric rotavirus VP6 protein.76 However, these vaccines are yet to be trialled in in-human 

studies. 

 

2.4.4 Global impact of rotavirus vaccination  

The World Health Organization (WHO) recommends that rotavirus (RV) vaccines be included 

in all national immunization programs. Globally, RV1 and RV5 have been licensed for use since 

2006 and are being used in or included in the national immunisation program of more than 

100 countries.61 Therefore, the impact of rotavirus vaccination discussed here and in the 

remainder of this thesis focuses only on these two vaccines. 

 

2.4.4.1 Impact on disease burden 

Following the introduction of rotavirus vaccination, significant declines in the morbidity and 

mortality burden attributable to rotavirus gastroenteritis and/or all-cause gastroenteritis have 

been reported in both low- and middle-income and high-income countries.77,78 In the United 

States, a median decline in rotavirus-associated hospitalisations (by 80%) and emergency 

department visits (by 57%) was observed following rotavirus vaccine introduction in 2006.79 In 

Europe, an estimated 65-84% reduction in rotavirus hospitalisation was reported following 

rotavirus vaccine use.80 A large scale, global study (349 sites in 82 middle-low income 

countries mostly in Asia, Africa and Latin America) conducted by the WHO coordinated Global 

Rotavirus Surveillance Network (GRSN) reported a 40% (95% CI: 35, 44) relative decline in 
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hospital admissions for acute gastroenteritis due to rotavirus following introduction of 

rotavirus vaccination.81  

 

However, similar to the clinical efficacy trial findings that demonstrated disparity in vaccine 

performance between high- and low-income settings, the post-introduction impact and 

effectiveness of rotavirus vaccines has been consistently lower in low- and middle-income 

countries. The observed reductions in rotavirus-positive diarrhoeal hospitalisation in the GRSN 

study varied by WHO region ranging from 26% (95% CI: 15, 38) in the Eastern Mediterranean 

Region to 55% (95% CI: 43, 67) in the European Region.81 A systematic review of post licensure 

data from 24 countries (including both high-income and low- and middle-income countries) 

reported lower vaccine effectiveness in countries with high levels of child mortality compared 

with countries of low child mortality (aged less than 5 years).82 The median vaccine 

effectiveness of a complete course of RV1 was estimated to be 84% (range: 19, 97) in low-

mortality countries and 57% (range: 18, 69) in high-mortality countries.82 For RV5, median VE 

was 90% (range: 63, 100) from low-mortality countries and 45% (range: 43, 92) in high-

mortality countries.82  

 

Despite the lower effectiveness of rotavirus vaccines in the low- and middle-income settings, 

the absolute reduction in hospitalisations and deaths attributable to rotavirus and all-cause 

gastroenteritis has been substantial following rotavirus vaccination. For example, a 25-45% 

reduction in rotavirus-related diarrhoea has been observed in Latin American children,83 and 

more than 40% and 61-70% reduction in rotavirus hospitalisations among children in Malawi84  

and Rwanda85 respectively, has been reported following rotavirus vaccination. According to 

findings from the Global Burden of Disease Study 2016, rotavirus vaccine use is estimated to 

have averted more than 28,000 deaths among children younger aged less than 5 years.86 A 

global study of 72 countries in the African, Eastern Mediterranean and South Asian regions 
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(which account for nearly 95% of the global burden of rotavirus mortality) has estimated that 

rotavirus vaccination could avert the deaths of 2.46 million children in these countries 

between 2011 and 2030.87  

 

Even incomplete series of both rotavirus vaccines has been shown to confer considerable 

protection against severe rotavirus disease in children aged less than 2 years.82 In high-

mortality countries, the median difference in the vaccine effectiveness point estimates for 2 

doses vs 1 dose of RV1 against rotavirus mortality was 17%, whereas for RV5, the median 

difference comparing 3 doses vs 1 dose was 16%.82 For rotavirus hospitalisations, vaccine 

effectiveness for an incomplete series of rotavirus vaccination was estimated to be 62% (95% 

CI: 55, 69) compared to 81% (95% CI: 75, 86) for complete series.82 

 

Apart from the direct effect of vaccination among vaccinated individuals, rotavirus vaccines 

have also been shown to confer indirect protection or herd immunity. Herd immunity is 

defined as the population level reduction of infection or disease among unvaccinated 

individuals as a result of vaccinating a proportion of the population.88  A systematic review 

conducted in 2017 estimated the indirect rotavirus vaccine effectiveness, in preventing 

rotavirus hospitalisations, to be 48% (95% CI: 39, 55) among children aged less than 5 years.89 

The indirect vaccine effectiveness was greater in high-income countries than low-middle 

income countries; 52% (95% CI: 43, 60) vs 25% (95% CI: 5, 41).89  Following introduction of 

infant rotavirus vaccination, up to 50% reduction in laboratory-confirmed rotavirus was 

demonstrated among adults in the United States.90 Significant declines in hospitalisations for 

all-cause gastroenteritis (by 30% among those aged 65-19 years and by up to 28% among 

those aged ≥20 years) have been demonstrated in Canada.91 
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2.4.4.2 Impact on circulating rotavirus strains 

The use of vaccines, as observed with pneumococcal vaccines and Hepatitis B vaccines, have 

been shown to have an impact on circulating strains within a population, resulting in 

emergence of new strains, strain replacement and vaccine escape strains.92,93 Temporal and 

spatial fluctuations in the circulating rotavirus strains have been observed prior to rotavirus 

vaccination due to reassortment (as a result of genetic drift and genetic shift) and zoonotic 

transmission, however, G1P[8], G2P[4], G3P[8], G4P[8], and G9P[8] constituted >90% of all 

circulating strains worldwide.21,94  

 

Rotavirus vaccines express homotypic and heterotypic protection against circulating rotavirus 

strains. Rotavirus strains are said to be homotypic to the vaccine strain if the G and P proteins 

perfectly match, partly heterotypic when there is mismatch of one strain (for example G3P[8] 

and G1P[8]) and fully heterotypic if both the G and P proteins are different (for example 

G1P[8] and G2P[4]).95 Following the introduction of rotavirus vaccination, changes in the 

circulating strains have occurred. Although RV1 and RV5 exhibit similar effectiveness against 

homotypic and heterotypic rotavirus strains, the observed changes in circulating strains have 

varied by the type of vaccine used (Figure 2.5).  
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Figure 2.5 Rotavirus strain distribution after vaccine introduction (Source: Leshem et al, 
2014)96 

 

The results of a systematic review and meta-analysis reported that G2P[4] (50%) and G1P[8] 

(22%) were the dominant strains in countries using RV1, whereas G1P[8] (33%) and G2P[4] 

(30%) were the most common strains identified in countries using RV5.96 However, the 

observed changes in circulating strains did not persist and varied from year to year suggesting 

that this was not attributable to vaccine-induced selective pressure.96 Along with changes in 

circulating serotypes, emergence of new strains such as G12P[8] (in RV5 settings) and equine-

like G3P[8] strain (in RV1 settings) have also been reported following the introduction of 

rotavirus vaccination programs.97,98  
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2.4.5 Rotavirus vaccination in Australia  

RV1 and RV5 have been licensed for use in Australia since June 2006 and both vaccines were 

included in the publicly funded National Immunisation Program (NIP) from July-2007, with all 

infants born from 1st May 2007 eligible for vaccination. Based on the purchasing 

arrangement, each state and territory in Australia independently chose either RV1 or RV5 to 

use in their jurisdiction through the NIP.  The program in New South Wales, Northern Territory 

and Australian Capital Territory provided RV1 and Tasmania Victoria, Queensland and South 

Australia selected to use RV5.99 The program in Western Australia provided RV1 from July 

2007, and then switched to RV5 from July 2009.99 As of July 2017, all states and territories in 

Australia provide only RV1 through the NIP. National rotavirus vaccine coverage in 2016 was 

estimated to be approximately 78.3% among Aboriginal and 87.2% among non-Aboriginal 

children assessed at 12 months of age.100 

 

In Australia, prior to vaccine introduction, rotavirus was responsible for up to 50% of 

diarrhoea hospitalisations in children under 5 years, with an estimated 22,000 emergency 

department visits and 10,000 children hospitalised each year.101 Among children aged less 

than 12 months of age, the hospitalisation rates were five times greater in Aboriginal 

Australians compared with non-Aboriginal children (2562.4 vs 485.3 per 100,000 

population).102 The direct medical costs in Australia have been estimated at over $30 

million.103 

 

2.4.5.1 Impact on disease burden 

Nationally, within three years post the inclusion of rotavirus vaccination in the NIP, rotavirus-

coded hospitalisations in children aged less than 5 years had declined by 71% with a 38% 

decline observed in non-rotavirus gastroenteritis-coded hospitalisations.104 Declines in both 

rotavirus and non-rotavirus gastroenteritis-coded hospitalisation rates were also observed 
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among those aged up to 5-19 years suggesting indirect protection or herd immunity.104,105 

Furthermore, declines in gastroenteritis-coded hospitalisations were observed among 

Aboriginal children, however this was apparent only among children aged less than 12 

months. Data from Queensland, New South Wales, South Australia and Victoria have 

demonstrated immediate and sustained reductions in rotavirus notifications, emergency 

department presentations and hospital admissions for rotavirus and non-rotavirus 

gastroenteritis following implementation of the rotavirus vaccination program (Table 2.3).105-

111 

 

Rotavirus vaccine effectiveness in Australia varied by setting and by individual vaccine type. In 

Queensland, using the screening method, RV5 vaccine effectiveness was estimated to be 89% 

(95% CI: 76, 95) against rotavirus hospitalisations and 62% (95% CI: 52, 70) in the first year of 

life. A case-control study estimated the  vaccine effectiveness of two doses of RV1, during a 

G9P[8] outbreak, to be 77.7% (95% CI: 40.2, 91.7) against all hospitalisations for 

gastroenteritis and 84.5% (95% CI: 23.4, 96.9) against rotavirus-confirmed hospitalisations 

among Aboriginal children aged less than 5 years living in the Northern Territory.112 However, 

no evidence of the protective effect of RV1 was observed during a G2P[4] outbreak in the 

same population two years later.113 More recently in New South Wales, using a case-control 

study design, the 2 dose vaccine effectiveness of RV1 was estimated to be 82.5% (95% CI: 

79.4, 85.1) among those aged up to 9 years against notified rotavirus infections.  
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Table 2.3 Summary of studies reporting on the impact of rotavirus vaccination in Australia 

Author (year) Jurisdiction Study period Age 
group 

Study outcome  Impact of Rotavirus Vaccination* 

Belshaw et al 
(2009)111  

New South 
Wales 

2001-2008 <5 years Emergency department 
presentations for 
gastroenteritis 
  

Up to 57% decline among children aged <5 years 

Lambert et al 
(2009)110  

Queensland 2006-2008 All age 
groups 

Notifications for rotavirus Up to 65% decline among children aged <2 years 
 
Up to 57% decline among all age groups 
 

<5 years Laboratory rotavirus testing 
data 
 

43-48% decline in proportion of tests positive for 
rotavirus among children aged <5 years 

Field et al 
(2010)105  

Queensland 2000-2008 All age 
groups 

Rotavirus-coded 
hospitalisations  

50% decline among children aged <5 years  
 
60% decline observed in the 5-19 years age group 
 
2.6 times increase among those aged ≥65 years 
  

Non-rotavirus acute 
gastroenteritis-coded 
hospitalisations  

40% decline among children aged <5 years 
 
10-20% increase among those aged ≥20 years 
 

Macartney et 
al (2010)114  

Sydney, 
New South 
Wales 

2001-2009 <18 years Rotavirus-positive 
hospitalisations 
 

75% decline among children aged <6 years 
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Author (year) Jurisdiction Study period Age 
group 

Study outcome  Impact of Rotavirus Vaccination* 

Buttery et al 
(2011)106 

New South 
Wales 
(Sydney), 
Victoria 
(Melbourne) 
and 
Queensland 

2001-2009 All age 
groups 

Laboratory confirmed 
rotavirus diagnosis in 
Queensland 
 

Decline of 34% percentage points in proportion 
of samples positive for rotavirus 
 

<3 years Rotavirus-coded 
hospitalisations (all 3 
jurisdictions) 
 

53-68% decline among children aged <36 months 
 
 

Short-stay admissions for 
gastroenteritis (Victoria) 
 

Proportion of admissions attributable to 
gastroenteritis declined from 15% in 2005 to 5% 
in 2009 
 

Clarke et al 
(2011)107 

South 
Australia 

2005-2010 <6 years Rotavirus-coded 
hospitalisations  
 

83% decline among children aged <6 years 

Acute gastroenteritis-coded 
hospitalisations  
 

48% decline among children aged <6 years 

Dey et al  
(2012)104 

Australia 
(national) 

2001-2010 All age 
groups 
 

Rotavirus-coded 
hospitalisations  

71% decline among children aged <5 years 
 
49% declines in the 5-19 years age group 
 
1.9-2.2 times increase among those aged ≥20 
years 
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Author (year) Jurisdiction Study period Age 
group 

Study outcome  Impact of Rotavirus Vaccination* 

Dey et al  
(2012; 
continued) 

Australia 
(national) 

2001-2010 All age 
groups 
 

Non-rotavirus acute 
gastroenteritis-coded 
hospitalisations  

38% decline among children aged <5 years 
 
8% declines in the 5-19 years age group 
 
1.2-1.4 times increase among those aged ≥20 
years 
 

Davey et al 
(2015) 

New South 
Wales 

2003-2011 <5 years Emergency department 
presentations for acute 
gastroenteritis  
 

18.3% decline among children aged <5 years 

Emergency department 
presentations for rotavirus 
attributable gastroenteritis  
 

55.4% decline among children aged <5 years 

*Compared to pre-rotavirus vaccination period   
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2.4.5.2 Impact on circulating serotypes 

The Australian National Rotavirus Reference Centre has monitored the rotavirus strains 

causing severe disease in children and adults throughout Australia since 1989; and the 

Australian Rotavirus Surveillance Program has reported on the changing annual pattern of 

circulating  rotavirus genotypes in the Australian population since 1999.97,115 Confirmed 

rotavirus samples (together with relevant demographic details), mostly from children aged 

less than 5 years, are sent by select collaborating laboratories across Australia to the National 

Rotavirus Reference Centre, for characterisation. Prior to the introduction of rotavirus 

vaccination, G1P[8] was the dominant genotype nationally. In the post-vaccine era, similar to 

global findings, G12P[8] was the dominant strain in states using RV5 and equine-like G3P[8] 

and G2P[4] dominant in states and territories using RV1 (Figure 2.6).97 In RV1 jurisdictions in 

Australia, G2P[4] strains continue to be a prominent cause of rotavirus disease 

outbreaks.116,117 

 

2.4.6 Safety 

Post-licensure studies have demonstrated a small increase in the risk of intussusception 

following rotavirus vaccination especially following receipt of the first dose of the vaccine in 

the United States118-121, Mexico,122 Australia,123,124 England125 and Singapore.126 In some 

settings, there was evidence of increased risk following receipt of even the second dose of the 

rotavirus vaccine,122,123 whereas in sub-Saharan African countries, no evidence of increased 

risk of intussusception less than 7 days after the first or the second dose of the vaccine was 

observed.127  A review of the literature on intussusception following rotavirus vaccination 

estimated the overall increase in risk of intussusception following rotavirus vaccination to be 

approximately 1-6 excess cases of intussusception per 100,000 vaccinated infants.128 

However, as there are differences in the risk of intussusception following rotavirus vaccination 

in the different settings and also with the advent of new rotavirus vaccines, continuous 
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monitoring of the association between intussusception and rotavirus vaccination is 

recommended.  

 

 

 

Figure 2.6 Comparison of rotavirus G and P type (% of all rotavirus strains) based on vaccine 
used within the state-based national immunisation program (Source: Roczo-Farkas et al, 
2018)97 
A, Genotype distribution prior to vaccine introduction in Australia categorized by the vaccine to 
be introduced into the state-based immunisation program.  
B, Genotype distribution remained consistent across all states and territories in the pre-vaccine 
era.  
C, Genotype distribution following vaccine introduction in Australia, categorized according to 
the vaccine implemented.  
D, Within vaccine groups, genotype distribution remained consistent across all states and 
territories following vaccine introduction. 
Abbreviations: ACT, Australian Capital Territory; NSW, New South Wales; NT, Northern 
Territory; QLD, Queensland; SA, South Australia; Tas, Tasmania; Vic, Victoria; WA, Western 
Australia. 
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2.5 Gaps in current literature 

Gastroenteritis (including rotavirus) causes a significant disease burden in the population, 

particularly among young children. The introduction of rotavirus vaccination programs has 

had a substantial impact on rotavirus-specific gastroenteritis and all-cause gastroenteritis 

disease rates in both the high-income and low- and middle-income countries. However, there 

is variability in the effectiveness and safety profile of rotavirus vaccines in different 

subpopulations and geographical regions. In lieu of the observed variation in the impact of 

vaccination on the burden of disease across populations, local epidemiological evidence is 

essential to guide effective prevention policies. 

 

Rotavirus infection became notifiable in Western Australia in July 2006, a measure largely 

designed to gather data for evaluating the effectiveness of the imminent national rotavirus 

vaccination program. To date, there has been no review in Western Australia of the age-

specific burden of rotavirus infection, even after it has become a notifiable infection. 

Furthermore, the impact and effectiveness of the rotavirus vaccination program, on rotavirus-

specific gastroenteritis and all-cause gastroenteritis has not been assessed in Western 

Australia. Also, data relevant to the Aboriginal population is scarce. Large population-based 

epidemiological studies are needed in order to obtain estimates of the burden and risk factors 

of all-cause and rotavirus-specific gastroenteritis and evaluate the impact of rotavirus 

vaccination among both Aboriginal and non-Aboriginal population in Western Australia.
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3.1 Preamble 

Chapter 2 provided a synopsis of the current knowledge on the epidemiology of all-cause 

gastroenteritis and rotavirus-specific gastroenteritis and an overview of the impact of 

rotavirus vaccination on rotavirus-specific gastroenteritis and all-cause gastroenteritis disease. 

It also highlighted some of the knowledge gaps in understanding the impact of rotavirus 

vaccination among the Aboriginal and non-Aboriginal population in Western Australia. This 

chapter details the specific aims and objectives of this body of research. 

 

3.2 Study aims  

The overall aim of this PhD thesis is to comprehensively describe the epidemiology (including 

age-specific burden and associated risk factors) of rotavirus-specific gastroenteritis and all-

cause gastroenteritis in the Aboriginal and non-Aboriginal population in Western Australia, 

assess the impact (including coverage and vaccine effectiveness) of the rotavirus vaccination 

program on rotavirus-specific and all-cause gastroenteritis disease rates in Western Australia 

and evaluate the safety profile of rotavirus vaccines. To this end, the epidemiological 

perspectives of this thesis have been broadly classified into five aims – burden, risk factors, 

vaccine coverage, vaccine effectiveness and vaccine safety - relating to the disease (all-cause 

and rotavirus-specific gastroenteritis) and rotavirus vaccine (Figure 3.1).  
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Figure 3.1. Schematic representation of study aims 

 

Specific aims and objectives and the chapters relating to each aim are described below:  

Aim 1: Burden of gastroenteritis  

The goal of this aim is to provide the descriptive epidemiology of the burden of all-cause and 

rotavirus-specific gastroenteritis in Western Australian population prior to and after the 

introduction of rotavirus vaccination. Specific objectives are to describe the temporal trends 

of all-cause gastroenteritis-coded hospitalisations and to quantify the burden of notified 

rotavirus infection in the Western Australian population (Chapters 5 and 6). 

 

Aim 2: Risk factors for gastroenteritis 

The specific objectives encompassed by this aim are to investigate the maternal and infant 

characteristics and population attributable fractions associated with all-cause gastroenteritis-

coded hospitalisations in Western Australian children and to explore the differences in these 

risk factors between Aboriginal and non-Aboriginal children (Chapter 7). 
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Aim 3: Rotavirus vaccine coverage  

The specific objectives encompassed by this aim are to report on the timeliness of rotavirus 

vaccine uptake among Aboriginal and non-Aboriginal children and to assess factors associated 

with receipt of rotavirus vaccine (Chapter 8).  

 

Aim 4: Rotavirus vaccine effectiveness  

Whilst Aim 1 (Chapters 5 and 6) provides an ecological assessment of the impact of rotavirus 

vaccine on the burden of all-cause and rotavirus-specific gastroenteritis, the specific objective 

of Aim 4 is to assess the vaccine effectiveness of rotavirus vaccines (RV1 and RV5) against 

laboratory-confirmed and notified rotavirus infections among children aged less than 5 years 

(Chapter 9). 

 

Aim 5: Rotavirus vaccine safety  

As detailed in Chapter 2, the risk of intussusception associated with rotavirus vaccination is of 

concern and therefore, the specific objectives encompassed by this aim are to assess the 

temporal trends of intussusception-coded hospitalisations and identify the associated 

pathogens prior to and after the commencement of the universal rotavirus vaccination 

program in Western Australia (Chapter 10). 

 





 

 

 

 

 

 

Chapter 4 

GENERAL METHODS 

Chapter 4 General methods 
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4.1 Preamble 

This thesis employs a variety of epidemiological methods to address the study aims and objectives 

reported in Chapter 3. The study design best appropriate to answer each research question was 

selected. All analyses are based on routinely collected retrospective administrative health data. I 

collated and conducted all data cleaning, coding and analyses for each study aim, unless stated 

otherwise in the relevant chapters and associated appendices.  

 

This chapter provides an overview of the study setting and population and describes the different 

administrative health datasets used in this thesis including the data cleaning associated with each 

dataset and the definitions of the variables used from each dataset. This chapter also summarises 

the common methods used in all the ensuing results chapters (Chapters 5 through to 10). Further 

details of the specific statistical methods used for individual analyses are provided in the methods 

section of the relevant results chapter.  

 

4.2 Study setting and population 

Western Australia is Australia’s largest state, occupying the entire western third of the country, 

spanning a total land area of nearly 2.6 million square kilometres. The landscape and climate of 

Western Australia varies from tropical north, temperate south and arid and semi-arid mid-west 

and southeast regions. Western Australia is divided into eight administrative regions – 

Metropolitan (Western Australia’s capital city Perth – North, South and East surrounds), 

Kimberley, Pilbara, Midwest, Wheatbelt, Goldfields, South West and Great Southern (Figure 4.1). 

Each region is served by a population health unit responsible for public health activities, including 

communicable disease control. The Wheatbelt, Midwest, SouthWest and Great Southern are 
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classed as rural areas whereas the Kimberley, Pilbara and Goldfields regions are classed as remote 

areas.  

 

 

Figure 4.1 Map showing the regions of Western Australia 
Blue represents metropolitan region; green represents rural regions and orange represents remote 
regions of Western Australia 
 
 
Approximately 75% of Western Australia’s total population of 2.5 million reside in the 

metropolitan Perth region of Western Australia.129,130 Those living in the rural and remote regions 

experience poorer health outcomes than those living in major cities. These poorer outcomes may 
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be attributed to factors such as disadvantages in education and economic opportunities and 

higher rates of risky behaviours (including smoking, alcohol consumption and physical 

inactivity).131 Furthermore, due to the geographical isolation of the rural and remote regions of 

Western Australia, provision of health services to these regions are different (and varies by 

increasing remoteness) compared to their metropolitan counterparts. Rural and remote health 

services are more dependent on primary health care services, particularly those provided by 

government salaried general practitioners or district medical officers from regional hospitals who 

travel to the remote communities. Health facilities are generally smaller with limited 

infrastructure, provide a broad range of services (including community and aged care) with less 

locally available specialist services, and provide services to a more dispersed population.132 For 

most rural and remote communities, equitable access is restricted by the frequent need to travel 

great distance to access basic hospital services and the limited availability of private hospital and 

related health care services in these regions. 

 

As of June 2016, 3.9% of the Western Australian population identify as being Aboriginal and/or 

Torres Strait Islander.133 There are inherent differences between the Aboriginal and non-

Aboriginal population in Australia including social and economic inequity, social determinants of 

health, cultural beliefs (including loss of culture) and perspectives of healthcare-seeking 

behaviour and willingness to engage with healthcare services (medical resource utilisation).131 

Due to a combination of the afore-mentioned differences, Aboriginal Australians experience 

higher levels of sickness than the broader Australian population including disproportionately 

higher rates of vaccine-preventable infectious diseases, preventable chronic diseases, and mental 

health conditions.131 

 



56 

 

4.3 Data sources 

The focus of this thesis is Western Australia and therefore, the administrative health datasets 

used in this thesis are primarily from Western Australia. However, the exceptions to this are the 

datasets used in chapter 8 to elicit rotavirus vaccination coverage. To address the aims of this 

chapter (Aim 3 of this thesis), individual immunisation data was required and therefore data from 

a cross-jurisdictional retrospective population-based cohort study (detailed in section 4.7) has 

been used wherein the birth/perinatal data are from both Western Australia and New South 

Wales (a state on the east coast of Australia) and the immunisation dataset (relating to the 

children in the cohort) is a national dataset. The following sections outline the various state-based 

and federal dataset(s) used in this thesis. 

 

4.3.1 Birth and Death Register 

Western Australia  

The Birth and Death register records details of all registered births and deaths in Western 

Australia. Civil registration of Births, Deaths and Marriages has been mandatory in Western 

Australia since September 1841134 and through the Western Australian Data Linkage system, data 

from the birth register are available from 1945 and from the death register from 1969.135 This 

dataset includes sociodemographic information of both parents and child as recorded by the 

parents. 

 

New South Wales 

Under the Births, Deaths and Marriages Registration Act 1995, parents must provide the 

Registry with the full details of the child’s birth, within 60 days of birth, for a Birth 

Certificate to be produced. The New South Wales Registry of Births, Deaths and Marriages 
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(RBDM) keeps a permanent record of all registered births and deaths in New South Wales. 

Through the Centre for Health Record Linkage (CHeReL), birth and death registrations are 

available from 1994 – further details available at http://www.cherel.org.au/master-linkage-key.136 

 

4.3.2 Midwives’ Notification System  

Western Australia  

The Midwives’ Notification System (MNS) records details of any midwife-attended birth of at least 

20 weeks gestation (or a birth weight of 400 grams or more if gestation is unknown). This dataset 

includes all live births and stillbirths within Western Australia since 1975.137 Along with maternal 

sociodemographic information, the dataset also includes maternal medical and obstetric history, 

details of the pregnancy (including maternal smoking during pregnancy), details of labour and 

delivery, characteristics of the child at birth and infant outcomes as recorded by the attending 

midwife or physician. The MNS data is considered to be of high quality and the reliability and 

validity of the data is ensured through periodic validation studies.137  

 

New South Wales 

The New South Wales Perinatal Data Collection (formerly known as the Midwives Data Collection) 

is a population-based surveillance system covering all births in New South Wales public and 

private hospitals, as well as homebirths. The data collection has operated since 1987 but only 

continuously since 1990 – further details available at http://www.cherel.org.au/master-linkage-

key. 

 

http://www.cherel.org.au/master-linkage-key
http://www.cherel.org.au/master-linkage-key
http://www.cherel.org.au/master-linkage-key
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4.3.3 Hospital Morbidity Data collection  

The Hospital Morbidity Data collection (HMDC) commenced in 1970 and is managed by the 

Western Australian Health Department. This dataset records key personal and medical 

information of patients who undergo an episode of care at public and private hospitals (including 

private day surgeries) in Western Australia. An episode of care starts with a formal or statistical 

admission to hospital and ends with a formal or statistical discharge or separation from 

hospital.138 Along with dates of admission and discharge and sociodemographic particulars of the 

patient at the time of admission, the dataset also includes information on hospital transfers, 

admissions to intensive care units, all procedure codes and discharge diagnosis codes (principal 

diagnosis, co-diagnosis and up to 20 additional diagnosis codes). Using the international 

Classification of Diseases and Related Health Problems (ICD), Tenth Revision, Australian 

Modification (ICD-10-AM) coding system, trained clinical coders translate the medical discharge 

summaries into standardised diagnoses codes across the state.  

 

4.3.4 Western Australian Notifiable Infectious Diseases Database 

Notifiable infectious diseases are those that are mandated by legislation to be reported to public 

health authorities. Western Australian Notifiable Infectious Diseases Database (WANIDD) is an 

intranet-based real-time database storing information on notifiable infectious diseases in Western 

Australia. It relies on mandatory reporting by doctors and laboratories and is curated by the 

CDCD, Western Australian Department of Health.139 The dataset includes information on the 

demographic characteristics of the patient at the time of notification, date of disease notification, 

date of onset, method of diagnosis, organism serotype and whether the patient was hospitalised. 
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4.3.5 PathWest laboratory Database 

PathWest is the sole public pathology provider in Western Australia. Apart from providing testing 

services to all public hospitals, PathWest also services processes referred samples from private 

pathology laboratories in Western Australia.140 PathWest dataset includes information on the 

date and type of specimen collected, test requested, panel of pathogens tested, pathogen(s) 

identified or not identified and method of identification.  

 

4.3.6 Australian Childhood Immunisation Register  

The Australian Childhood Immunisation register (ACIR) is a national population-based database 

which includes all children enrolled in the national health insurance scheme (Medicare) and at the 

time of the study recorded details of all vaccines administered to children aged up to seven years, 

as provided by the immunisation provider. Information from ACIR included details of the vaccine 

administered (type, brand and dose number), date of vaccine administration, medical 

contraindications and conscientious objections. ACIR has now been renamed as the Australian 

Immunisation Register and records vaccination details for people of all ages in Australia. 

 

4.4 Record Linkage 

Record linkage or data linkage is the process whereby information from two or more different 

sources relating to the same person, family, place or event are linked together using best-practice 

protocol. Record linkage of administrative, survey and research health datasets enable a cost-

effective solution for population-based research across the healthcare system and provide 

evidence for the planning, monitoring and evaluation of health services and policy development. 

With significant advances in computing technology and development of electronic healthcare 

registers, record linkage centres capable of linking multiple, large population-based administrative 
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data sets are now available in several countries including Australia, England, Scotland, Canada, 

Denmark and the United States.  

 

Record linkage in Australia commenced in the late 1970s in Western Australia and the Western 

Australia Data Linkage System (WADLS) was established in 1995 as a collaboration between 

government (Western Australian Department of Health), university (University of Western 

Australia and Curtin University) and non-government (Telethon Kids Institute) units.141,142 Since 

1997, WADLS is managed by the Western Australian Data Linkage Branch (DLB) under the 

governance of the Western Australian Department of Health. The DLB’s linkage process is 

multi-faceted and includes numerous automated and manual sub-processes designed 

specifically to reduce the likelihood of errors occurring and due to robust checking 

procedures, the linkages by the WA Data linkage Branch is of the highest quality.143 Further 

details on the WADLS linkage process, linkage quality and the datasets available for linkage are 

available on the DLB website (https://www.datalinkage-wa.org.au/).  

 

In New South Wales, the CHeRel was established in 2006 to support health and health services 

research in New South Wales and the Australian Capital Territory.136 The CHeReL is jointly funded 

by the New South Wales Department of Health, Australian Capital Territory Health, the Cancer 

Institute New South Wales, the Clinical Excellence Commission, the Sax Institute, the University of 

Newcastle, the University of New South Wales and the University of Sydney. The Cancer Institute 

New South Wales is the host organisation for the CHeReL.136 

 

As unique personal identifiers are not available for the Australian population, WADLS and CHeReL 

conduct probabilistic linkage of the different datasets using a series of identifiers including full 

https://www.datalinkage-wa.org.au/
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name, date of birth, residential address, and sex.136,141 In order to maintain privacy, WADLS and 

CHeReL adhere to the ‘separation principle’ whereby the identifiable (demographic) data are 

separated from the content (clinical) data prior to linkage i.e. the personnel who perform the 

linkage have no access to content data and the end-users (researchers) conducting research using 

the content data have no access to identifying data.136,141  

 

4.5 Study aims and the associated data source(s)  

Depending on the study aim, this body of research draws upon population-based linked data or 

standalone unlinked datasets to select the cohort, identify the health outcome(s) and ascertain 

exposure(s) of interest (Table 4.1) 

Table 4.1 Data sources (and time period) associated with each study aim 

 Aim 1 
Burden* 

Aim 2 
Risk 

factors# 

Aim 3 
Vaccine 

coverage^ 

Aim 4 
Vaccine 

effectiveness* 

Aim 5 
Vaccine 
safety# 

 
Midwives’ 
Notification System 
 

 

 
 

2000-2012 
 

 
 

2007-2012 
 

 

 
 

2000-2012 
 

Birth and Death 
Register 
 

 
 

2000-2012 
 

 
2007-2012 

 
 

 
2000-2012 

 
Hospital Morbidity 
Data Collection 
 

 
2004-2012 

 

 
2000-2014 

 
  

 
2000-2014 

 
Notifiable 
Infectious Diseases 
Database 
 

 
2006-2015 

 
 

  

 
2009-2011 

 
 

 

PathWest 
Laboratory dataset 
 

    
 

2000-2014 
 

Australian 
Childhood 
Immunisation 
Register 

  

 
2007-2013 

 
 

 
2009-2011 

 
 

 

*Standalone unlinked data; #Enteric data linkage project; ^ACIR linkage project;  
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4.6 Enteric data linkage project  

This retrospective population-based cohort study, funded by Princess Margaret Hospital 

Foundation New Investigator Project Grant, aimed to characterise the epidemiology and 

pathogen-specific burden of enteric infections in Western Australian-born children and assess the 

overall impact of the rotavirus vaccination program on enteric infection rates in Western 

Australia. The birth cohort comprised of 367,476 children live-born in Western Australia between 

January 1, 2000, and December 31, 2012, identified through the Western Australian MNS and/or 

the Birth and Death Register.  

 

All hospital admissions, emergency department presentations, notifications of infectious diseases 

and PathWest laboratory records pertaining to children in the birth cohort were sourced and 

linked by the DLB. Figure 4.2 provides an overview of the birth cohort and the datasets that were 

linked for this project. Data on emergency department presentations and notifications of 

infectious diseases from this project were not used in this thesis. 

 

I was solely responsible for the data cleaning process involved in the assembly of the final study 

cohort in this project, cleaning of all the health outcome datasets and all analyses relating to 

Chapters 7 and 10 in this thesis. 
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Figure 4.2 Overview of the datasets available in the Enteric data linkage project 

 

4.7 ACIR linkage project 

This cross-jurisdictional retrospective population-based cohort study, funded by the National 

Health and Medical Research Council of Australia, aimed to inform Australia’s immunisation 

program by evaluating coverage, effectiveness and timeliness of childhood vaccinations.144,145 The 

cohort was identified through the perinatal data collections of two states (Western Australian 

MNS and New South Wales Perinatal Data Collection) and the birth and death registries in both 

states (Figure 4.3). The final study cohort comprised of 1.95 million live born children born in New 

South Wales and Western Australia between 1996 and 2012 who had records in both the birth 

registry and the perinatal datasets. Data pertaining to the birth cohort were then probabilistically 

linked to state-level administrative health outcome data (hospital admissions, emergency 

department presentations and notifications of infectious diseases) and to the national death and 

immunisation data.144,145 
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Figure 4.3 Overview of the datasets available in the ACIR linkage project 

 

In this project, I assisted in the data cleaning process involved in the assembly of the final study 

cohort and the linkage of the immunisation data to the study cohort. I was solely responsible for 

all analyses relating to Chapter 8 in this thesis. 

 

4.8 Data Cleaning and definitions 

4.8.1 Birth cohort 

The birth cohort relating to the Enteric Data Linkage Project included all children live-born in 

Western Australia between 1 January 2000 and 31 December 2012 and had a birth record on the 

MNS and/or the Birth and Death Register. Since only month and year of birth were available, the 

day of birth was set to the 15th of each month.  

 

For the ACIR linkage project, the study cohort comprised all children in New South Wales and 

Western Australia live-born between 1 January 1996 and 31 December 2012 who had records in 
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both the birth registry and the perinatal datasets. The full date of birth of the child was available 

for this project. 

 

For both birth cohorts, the MNS and Birth and Death Register datasets were merged using the 

unique de-identified child identifier. For all variables common to the MNS and Birth and Death 

Register datasets, the default dataset for sourcing the variable values was the MNS as this dataset 

is considered to be complete and is regularly validated. Only if the variable value was missing on 

the MNS then the value recorded on the Birth and Death Register dataset was used. 

 

4.8.2 Hospitalisation outcomes 

In the Enteric Data Linkage Project, all hospitalisation records pertaining to the children in the 

birth cohort were available but, only hospitalisations relating to acute gastroenteritis and 

intussusception were used in this thesis. The principal diagnosis field and the 20 additional 

diagnosis fields were used to identify admissions for acute gastroenteritis. Table 4.2 lists the ICD-

10-AM diagnosis codes associated with all-cause gastroenteritis including rotavirus-associated 

gastroenteritis (A08.0). The ICD-10-AM diagnosis code of K56.1 was used to identify 

intussusception-related hospitalisations in Chapter 10.  

 Table 4.2 ICD-10AM codes relating to acute infectious gastroenteritis 

ICD-10-AM 
Code Disease Disease group 

A00.0 Cholera due to Vibrio cholerae 01 
Cholera A00.1 Cholera due to Vibrio cholerae 01 

A00.9 Cholera, unspecified 
A01.0  Typhoid fever 

Typhoid/Paratyphoid A01.1 - A01.3 Paratyphoid 1, 2, 3 
A01.4 Unspecified paratyphoid fever 
A02.0 Salmonella enteritis Salmonella A02.8 Other specified salmonella infections 
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ICD-10-AM 
Code Disease Disease group 

A02.9 Salmonella infection, unspecified 
A03.0 - A03.3 Shigellosis due to different Shigella organisms 

Shigella A03.8 Other shigellosis 
A03.9 Shigellosis unspecified 
A04.0 Enteropathogenic Escherichia coli infection  

E.Coli 
A04.1 Enterotoxigenic Escherichia coli infection  
A04.2 Enteroinvasive Escherichia coli infection  
A04.3 Enterohemorrhagic Escherichia coli infection  
A04.4 Other intestinal Escherichia coli infections 
A04.5 Campylobacter enteritis Campylobacter 
A04.6 Enteritis due to Yersinia enterocolitica Yersinia 
A04.7 Enterocolitis due to Clostridium difficile Clostridium 
A04.8 Other specified bacterial intestinal infections   Other bacterial A04.9 Bacterial intestinal infection, unspecified 
A05.0 Foodborne staphylococcal intoxication   

Foodborne bacterial 

A05.1 Botulism food poisoning 

A05.2 Foodborne Clostridium perfringens [Clostridium 
welchii] intoxication  

A05.3 Foodborne Vibrio parahaemolyticus intoxication 
A05.4 Foodborne Bacillus cereus intoxication 
A05.8 Other specified bacterial foodborne intoxications 
A05.9 Bacterial foodborne intoxication, unspecified 
A06.0 Acute amoebic dysentery 

Amoebic dysentery A06.1 Chronic intestinal amebiasis 
A06.2 Amebic nondysenteric colitis 
A06.9 Amebiasis, unspecified 
A07.0 Balantidiasis 

Protozoal 

A07.1 Giardiasis [lambliasis] 
A07.2 Cryptosporidiosis 
A07.3 Isosporiasis 
A07.8 Other specified protozoal intestinal diseases 
A07.9 Protozoal intestinal disease, unspecified 
A08.0 Rotaviral enteritis Rotavirus 
A08.1 Acute gastroenteropathy due to Norwalk agent  

Viral gastroenteritis 
A08.2 Adenoviral enteritis 
A08.3 Other viral enteritis 
A08.4    Viral intestinal infection, unspecified 
A08.5 Other specified viral intestinal infections 
A09 Infectious gastroenteritis and colitis, unspecified Infectious 

gastroenteritis 
unspecified 

A09.0 Other and unspecified gastroenteritis and colitis of 
infectious origin 

A09.9 Gastroenteritis and colitis of unspecified origin 

K52.9 unspecified noninfective gastroenteritis and colitis Other infectious 
gastroenteritis 
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Age (in days) at admission and full dates of admission and separation were available in the HMDC 

datasets. Any hospital admission within 48 hours of birth was excluded from all analyses. 

Interhospital transfers and transfers within the same hospital, with the same principal diagnosis, 

were grouped into a single hospital admission. Gastroenteritis admissions within 14 days of a 

previous gastroenteritis admission having the same principal diagnosis code were grouped 

together and classified as a single episode of illness.  

 

Further details of the specific cleaning methods of the hospitalisation data used for individual 

analyses are provided in the methods section of the relevant chapter.  

 

4.8.3 Rotavirus notifications 

Rotavirus became a notifiable disease in Western Australia from 1 July 2006, primarily to gather 

data for evaluating the effectiveness of the national rotavirus vaccination program. Standalone 

rotavirus notification data for Chapters 6 and 9 were extracted from WANIDD by the CDCD. At the 

time of data extraction, the case definition for rotavirus notification in Western Australia was that 

a confirmed case required laboratory definitive and clinical evidence. The laboratory definitive 

evidence requires the isolation of rotavirus by nucleic acid testing (by PCR) or by the detection of 

rotavirus antigen (latex particle agglutination or EIA). Clinical evidence required a gastrointestinal 

illness clinically compatible with rotavirus infection characterised by vomiting and/or diarrhoea 

with or without fever.  

 

For all notified cases of rotavirus, the optimal date of onset was used as the date of disease 

onset/diagnosis. The optimal date of onset is a derived date variable in WANIDD which, in 

hierarchical order, is the earliest of the ‘true’ date of onset provided by the notifying doctor, the 
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date of specimen collection for laboratory notified cases, the date of clinical notification by the 

doctor/laboratory and the date of receipt of notification. Further details of the specific cleaning 

methods of the notification data used for the individual analyses are provided in the methods 

section of the relevant chapter.  

 

4.8.4 Gastrointestinal specimens 

PathWest laboratory data for this thesis were restricted to those relating to gastrointestinal 

specimens, defined as any blood or faecal specimen. Specimens collected on or after the date of 

death were considered to be post-mortem specimens and were excluded. For gastrointestinal 

bacterial pathogens, any positive culture or PCR result from a blood or faecal specimen was 

considered to be the causative for that episode of infection. For viral pathogens, positive results 

from blood or faecal specimens on which gastrointestinal virus testing was conducted (including 

using antigen detection, PCR and viral culture) were considered to be causative. If multiple 

pathogens (bacterial, viral, or in combination) were identified in the same specimen (co-

detection), the episode of infection was considered to have a coinfection. 

 

4.8.5 Immunisation records 

The specific details of the linkage of the immunisation data used in Chapter 8 are given 

elsewhere.144,145 Immunisation records for rotavirus vaccines (RV1 and RV5) and diphtheria-

tetanus-acellular pertussis (DTPa) vaccines (as a ‘comparator/control’ vaccine) included in the NIP 

were identified for the cohort children. Immunisation records that did not link to the infants in 

the birth cohort and infants whose immunisation date preceded their date of birth were 

excluded. An invalid dose of vaccine was defined as any vaccine dose given less than 39 days 

following birth (i.e. more than 3 days before the earliest permitted immunisation age) or within 
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28 days of a previous dose. Further details of the specific cleaning methods of the immunisation 

data are provided in the methods section of Chapter 8. 

 

In accordance with ethics requirements, immunisation details of the children included in the 

analysis for Chapter 9 were individually looked up on the ACIR portal, using personal identifiers 

(including full name, full date of birth and address), by administrative staff at the CDCD. Further 

details of the specific cleaning methods of the immunisation data are provided in the methods 

section of chapter 9. 

 

4.8.6 Variables of interest 

For standalone unlinked notification and hospitalisation datasets, the residential postcode of the 

patient at the time of disease notification or hospitalisation was used to identify the health 

regions. For all analyses using Western Australian linked data, Aboriginal status of the child was 

coded according to the derived ‘Geting Our Story Right’ variable provided by the DLB.146 Getting 

our Story Right’ study was designed to provide the evidence base and guidance to analysts for 

choosing methods to derive Aboriginal status for any reporting based on administrative 

datasets when multiple datasets are available for linkage. It was found that the use of a 

‘Multi‑Stage Median’ algorithm reduced the amount of missing data and improved 

within‑individual consistency of Aboriginal status. In the first stage of this algorithm, based on 

the number of records, each person is given a derived Aboriginal status for each 

administrative data collection in which they have non-missing records. In the second stage, 

the Aboriginal status of the individual across the different administrative data collections are 

examined with the individual data collection-derived Aboriginal statuses combined into an 

overall derived Aboriginal status for that person. The Western Australian data linkage branch 
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uses this validated algorithm to derive the Aboriginal status flag (from WA government 

administrative data sets where Aboriginal and Torres Strait Islander status is recorded) for the 

individuals in the study cohort. For the analyses using data from the ACIR linkage project, 

Aboriginal status was derived using a similar multi-stage median algorithm, using information 

from all linked datasets in the study, excluding deaths.  

 

The Socio-Economic Indexes for Areas (SEIFA) listed in the MNS was used as a measure of socio-

economic disadvantage. The SEIFA is comprised of four indices derived by the Australian Bureau 

of Statistics. Each index measures a different aspect of the socio-economic conditions of the 

people living in a particular area and ranks the different geographical areas across Australia 

according to a score that is created based on the socio-economic characteristics in that area. In 

this project, SEIFA was measured through the Index of Relative Socio-Economic Advantage and 

Disadvantage (IRSAD). The SEIFA score for IRSAD is derived from 21 different variables which 

include low or high income, internet connection, skilled or unskilled occupations and education.147 

The SEIFA scores included in our analyses were based on the mother’s residential address (at the 

census Collection District level which is the smallest geographic area defined in the Australian 

Standard Geographical Classification) at the time of her child’s birth and grouped into five 

categories (Table 4.3) 

 

Geographical remoteness was measured through the Accessibility/Remoteness Index of Australia 

(ARIA). The ARIA is a standard national measure of geographic remoteness and access to services 

for localities and areas throughout Australia and is classified into major cities, inner regional, 

outer regional, remote and very remote.148 Like the IRSAD, the ARIA classification used in this 
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study was based on the mother’s residential address ((at the census Collection District level) at 

the time of her child’s birth. 

 

The proportion of optimal birth weight (POBW) is a calculated measure of the appropriateness of 

intrauterine growth which takes into account gestational age, maternal age, maternal height, 

parity and infant gender. POBW was used rather than stand-alone birth weight.149 Table 4.3 

details the socio-demographic and perinatal (both maternal and infant) variables that were 

available from the MNS dataset and used in the analyses in this thesis. 

 

4.9 Statistical analysis 

Depending  on the study aims, this thesis used various epidemiological and statistical methods 

including interrupted time-series trend analysis to investigate the temporal trends of 

gastroenteritis hospitalisation (Chapter 5), Cox proportional hazards regression analyses to 

calculate the adjusted hazard ratios for the association between the independent exposure 

variables and gastroenteritis hospitalisation (Chapters 7 and 10), multivariable logistic regression 

models to investigate associations between parental/infant factors and receipt of rotavirus 

vaccine (Chapter 8) and estimation of vaccine effectiveness using a case-control design and 

screening method (Chapter 9). Specific details of each statistical analysis are provided in the 

methods section of the relevant chapters. As per the requirements form the data custodians, cell 

sizes of less than 5 were suppressed. 
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Table 4.3 Variables included in the statistical analyses 

 Variables Categories 
Parental 
characteristics 

Maternal age at delivery <20 years, 20-24 years, 25-29 years, 30-
34 years and ≥35 years 
 

 Paternal age at delivery <20 years, 20-24 years, 25-29 years, 30-
34 years and ≥35 years 
 

 Mother’s country of birth Australia-born / overseas-born 
 

 Maternal smoking during 
pregnancy 
 

Yes and No 

 Number of previous pregnancies 
(as a proxy for parity) 
 

0, 1 and ≥2 

 Mode of delivery Vaginal, instrumentation, elective 
caesarean, emergency caesarean 
 

 Index of Relative Socio-economic 
Advantage and Disadvantage 
(IRSAD) 

0-10% (most disadvantaged), 11-25%, 26-
75%, 76-90%, 91-100% (least 
disadvantaged) 
 

 Accessibility/Remoteness Index 
of Australia (ARIA) 

Major cities, inner regional, outer 
regional, remote, very remote 
 

Infant 
characteristics 

Gender Male and female 

 Multiple birth Yes and No 
 

 Season of birth Spring (September-November), summer 
(December-February), autumn (March-
May) and winter (June-August) 
 

 Gestational age <33 weeks, 33-34 weeks, 35-36 weeks 
and >=37 weeks 
 

 Proportion of optimal birth 
weight (POBW) 

High (>=115%), normal (85-114%) and 
low (<85%) 
 

 Birth weight <1500 grams, 1500-2499 grams, 2500-
3499 grams, 3500-4499 grams and >4500 
grams 
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4.10 Ethical approvals 

Table 4.4 provides an overview of the ethical approvals granted for each data source used in 

this thesis. 

 

Table 4.4 List of all ethical approvals granted for the different data sources 

Ethics Committee 

Standalone Datasets  Linked Datasets 

HMDC 
(Chapter 5) 

WANIDD 
(Chapters 

6 & 9) 

 Enteric Data 
Linkage Project 
(Chapters 7 & 

10) 

ACIR 
Linkage 
Project 

(Chapter 8) 
 
Western Australian Department 
of Health Human Research Ethics 
Committee 
 

 
 

 
 

  
 

 
 

Western Australian Aboriginal 
Health Ethics Committee 
 

     

University of Western Australia 
Human Research Ethics 
Committee 
 

     

New South Wales Population & 
Health Services Research Ethics 
Committee 
 

     

New South Wales Aboriginal 
Health and Medical research 
Council Ethics committee 
 

     

Australian Government 
Department of Health Human 
Research Ethics Committee 
 

     

Australian Institute of Health and 
Welfare Ethics Committee 
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5.1 Preamble 

Addressing  Aim  1  of  this  thesis,  this  Chapter  summarises  the  results  of  analyses  which 

describe  the  temporal  trends of of all‐cause gastroenteritis‐coded hospitalisations across all 

ages in Western Australia, prior to and after the introduction of the rotavirus vaccination.  

 

The manuscript  entitled  ‘Impact  of  rotavirus  vaccines  on  gastroenteritis  hospitalisations  in 

Australia: a time‐series analysis’, detailing the results of this analysis, has been submitted to 

Journal of Epidemiology as an original  research paper.  I collated, cleaned and conducted all 

analyses  and wrote  the  first  draft  of  the manuscript.  A  copy  of  the  submitted  paper  and 

contributions of all co‐authors on this manuscript are provided in Appendix 1. The submitted 

manuscript  is  presented  here  in  its  entirety  with  some  exclusions.  Details  regarding  the 

introduction, study setting and methodology already presented in the previous chapters have 

been reduced from Sections 5.3 and 5.4 to minimise duplication.  

 

5.2 Introduction 

Gastroenteritis  is  a  leading  cause  of morbidity  in  young  children worldwide  in  both  high‐

income and  low‐ and middle‐income countries.150  In Western Australia, gastroenteritis  is the 

second most common infection‐related cause of hospitalisation in young children after acute 

lower  respiratory  infections.3 Gastroenteritis hospitalisation  rates among Aboriginal children 

in Western  Australia  have  been  estimated  to  be  nearly  5  times  higher  than  that  in  non‐

Aboriginal children.151 

 

This  study  aimed  to  describe  the  burden  of  hospitalisations  associated  with  all‐cause 

gastroenteritis  (including  rotavirus  gastroenteritis  and  non‐rotavirus  acute  gastroenteritis), 

prior to and after the introduction of the rotavirus vaccination program, among the Aboriginal 

and  non‐Aboriginal  population  in  Western  Australia.  Also,  a  time‐series  analysis  was 
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conducted to examine differences in the annual trends in hospital admissions for 

gastroenteritis between the pre-rotavirus vaccine and rotavirus vaccine periods. 

 

5.3 Methods 

Hospitalisation data were sourced from the Western Australian Hospital Morbidity Data 

Collection. The study outcome was all-cause gastroenteritis-related hospitalisations. All 

hospital records having an ICD-10-AM diagnosis code for rotavirus (A08.0) or other non-

rotavirus acute gastroenteritis (A01 to A09 [excluding A08.0] and K52.9) in the principal 

and/or additional diagnosis field were included. Only admission and separation dates between 

July 2004 and June 2012 were included. Admissions from the same person having the same 

diagnosis code within 14 days of a previous admission were grouped together and classified as 

a single episode of illness. Aboriginal status of the individual was identified using the derived 

Aboriginal status provided by Western Australian Data linkage branch.146  

 

5.3.1 Statistical analysis 

Using Australian Bureau of Statistics derived annual estimated resident population estimates 

(downloaded from the Rates Calculator version 9.5, Western Australian Department of 

Health), age-specific rates and incidence rate ratios (IRRs) for the periods prior to (July 2004-

June 2007) and post (July 2007-June 2012) introduction of rotavirus onto the National 

Immunisation Program were calculated. Estimates were calculated separately for rotavirus 

and non-rotavirus acute gastroenteritis hospitalisations for the different age groups among 

both Aboriginal and non-Aboriginal individuals. Exact 95% confidence intervals (CI) and IRRs 

were calculated using EpiBasic (version 4). 

 

Interrupted time series models were used to examine differences in the annual trends of all-

cause gastroenteritis hospitalisation between the pre- and post-rotavirus vaccination program 
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periods. The modelling horizon spanned 1 July 2004 to 30 November 2012 inclusive. To 

minimise bias, data from 1 January 2007 to 31 December 2007 (6 months prior to and 

following the 1 July 2007 introduction of the rotavirus vaccination program) were excluded 

from the analysis. The rationale was that positive bias in hospitalisations might arise due to 

heightened surveillance in the period immediately preceding the program commencement 

and negative bias may arise due to vaccine hesitancy or other vaccination program-related 

factors in the period immediately following the vaccine introduction. For the time-series 

analyses, hospitalisation data for rotavirus and non-rotavirus gastroenteritis were combined 

to assess all-cause gastroenteritis. Also, due to low absolute monthly numbers of 

hospitalisations in the Aboriginal population, the time series analysis was not stratified by 

Aboriginal status.  

 

Since the monthly numbers of presentations were integer valued with known denominators 

and the data did not suggest over-dispersion, a Poisson distributional assumption for the 

response was adopted. Also, a segmented Generalized Linear Auto-Regressive Moving-

Average (GLARMA) modelling152 framework was used, which are a class of observation-driven 

nonlinear state space models for which the state process depends linearly on covariates and 

nonlinearly on past values of the observed process. These models are a natural extension of 

the Generalised Linear Model (GLM) framework that are appropriate for Poisson data and 

account for temporal dependence in the response.152 

 

Following visual inspection of each age-class series, separate GLARMA regression models were 

fitted to each series and parameterised with (some or all of) terms for a linear temporal trend, 

an instantaneous level shift and change in the linear trend after the start of the rotavirus 

vaccination program (Jul 2007), seasonality and outbreak periods where applicable. 

Additionally, where supported by the data, interactions (between seasonality and post 
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vaccination period) and lag-specific autoregressive terms were included in the models. 

Estimates (including 95% CIs) were obtained by fitting models using maximum likelihood 

estimation.153 Model reduction was guided by Akaike Information Criterion (AIC).154 Goodness 

of fit and model assumptions were assessed by inspecting the residuals for serial correlation, 

outlying points, normality and the validity of the assumed distribution via the probability 

integral transformation.155 All analyses were performed in R version 3.5.3. 

 

5.3.2 Ethical approvals 

Ethical approvals were obtained from the Western Australian Department of Health Human 

Research Ethics Committee and the University of Western Australia. 

 

5.4 Results 

5.4.1 Rotavirus-coded hospitalisations 

Between July 2004 and June 2012, there were a total of 1,381 hospitalisations coded as 

rotavirus gastroenteritis of which approximately 15% (n=200) occurred among the Aboriginal 

population. Rotavirus-coded hospitalisation rates were highest in children aged less than 24 

months in both population groups in the pre-rotavirus vaccination and rotavirus vaccination 

period (Table 5.1). Comparing the two time periods, significant declines were observed in 

Aboriginal children aged less than 12 months (by 66%; 95% CI: 49, 77) and 12-23 month (by 

57%; 95% CI: 24, 76; Table 5.1) in the rotavirus vaccination period. In the non-Aboriginal 

population, along with declines in these two age groups, declines were also observed among 

those aged 2-4 years (by 59%; 95% CI: 49, 68) in the rotavirus vaccine periods (Table 5.1). Also, 

although hospitalisation rates in the elderly were relatively low, a significant increase in 

hospitalisation rate after the introduction of the vaccine was observed in the ≥65 years age-

class (IRR: 1.89, 95% CI: 1.16, 2.87) in the non-Aboriginal population (Table 5.1). 
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Table 5.1 Rotavirus-coded hospitalisations rates per 1000 population, incident rate ratios (IRR) and associated 95% confidence intervals (CI) before and after 
the introduction of rotavirus vaccination, by Aboriginal status and age group, in Western Australia July 2004-June 2012 

Age group Aboriginal Non-Aboriginal 
Jul ‘04-Jun ‘07 Jul ‘07-Jun ‘12 IRR (95% CI)a Jul ‘04-Jun ‘07 Jul ‘07-Jun ‘12 IRR (95% CI)a  n Rate/1000 n Rate/1000 n Rate/1000 n Rate/1000 

<12 months 74 15.47 (12.15, 19.42) 41 5.31 (3.81, 7.20) 0.34 (0.23, 0.51) 170 2.42 (2.07, 2.82) 109 0.75 (0.62, 0.91) 0.31 (0.24, 0.40) 
12-23 months 33 6.64 (4.57, 9.33) 23 2.88 (1.82, 4.32) 0.43 (0.24, 0.76) 221 3.12 (2.72, 3.56) 92 0.65 (0.52, 0.79) 0.21 (0.16, 0.27) 
2-4 years 10 0.64 (0.31, 1.18) 11 0.44 (0.22, 0.78) 0.68 (0.26, 1.79) 167 0.77 (0.66, 0.90) 128 0.31 (0.26, 0.37) 0.41 (0.32, 0.51) 
5-9 years <5 - <5 - - 39 0.10 (0.07, 0.14) 44 0.07 (0.05, 0.09) 0.65 (0.41, 1.02) 
10-19 years <5 - <5 - - 8 0.01 (0.00, 0.02) 18 0.01 (0.00, 0.02) 1.29 (0.53, 3.43) 
20-44 years <5 - <5 - - 10 0.00 (0.00, 0.01) 15 0.00 (0.00, 0.01) 0.81 (0.34, 2.01) 
45-64 years <5 - <5 - - 13 0.01 (0.00, 0.02) 28 0.01 (0.01, 0.01) 1.15 (0.58, 2.43) 
≥65 years <5 - <5 - - 27 0.04 (0.03, 0.06) 92 0.07 (0.06, 0.09) 1.89 (1.16, 2.87) 
CI: confidence interval aIncidence rate ratio of rotavirus vaccine period to pre-rotavirus vaccine period hospitalisation rate 
Note: As per the request of the data custodians, individual table cell sizes of less than 5 have been suppressed. 
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5.4.2 Non-rotavirus acute gastroenteritis-coded hospitalisations 

A total of 105,593 hospitalisations coded as non-rotavirus acute gastroenteritis were 

identified between July 2004 and June 2012, of which approximately 7% (n=6975) occurred 

among the Aboriginal population. In both the Aboriginal and non-Aboriginal population, the 

highest rates for these hospitalisations were associated with children aged less than 24 

months in both time periods followed by adults aged ≥65 years (Table 5.2). Compared to the 

pre-rotavirus vaccination period, significant declines were observed among Aboriginal 

children aged less than 24 months in the rotavirus vaccination period (Table 5.2). Among the 

non-Aboriginal population, significant declines were observed in those aged up to 9 years in 

the rotavirus vaccination period (Table 5.2). Similar to rotavirus-coded hospitalisations, an 

increase in non-rotavirus acute gastroenteritis-coded hospitalisations rates were observed 

among non-Aboriginal adult age groups in the period after the introduction of the rotavirus 

vaccination program. 
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Table 5.2 Non-rotavirus acute gastroenteritis-coded hospitalisations rates per 1000 population, incident rate ratios (IRR) and associated 95% confidence 
intervals (CI) before and after the introduction of rotavirus vaccination, by Aboriginal status and age group, in Western Australia July 2004-June 2012 

Age group 
Aboriginal Non-Aboriginal 

Jul ‘04-Jun ‘07 Jul ‘07-Jun ‘12 IRR (95% CI)a Jul ‘04-Jun ‘07 Jul ‘07-Jun ‘12  
n Rate/1000 n Rate/1000 n Rate/1000 n Rate/1000 IRR (95% CI)a 

<12 months 551 115.18  
(105.76, 125.21) 

616 79.76  
(73.59, 86.32) 

0.69  
(0.62, 0.78) 

1164 16.60  
(15.66, 17.58) 

1664 11.45  
(10.91, 12.02) 

0.69  
(0.64, 0.74) 

12-23 months 516 103.84  
(95.08, 113.20) 

64 79.35  
(73.29, 85.77) 

0.76  
(0.68, 0.86) 

1214 17.14  
(16.19, 18.13) 

1367 9.62  
(9.12, 10.15) 

0.56  
(0.52, 0.61) 

2-4 years 307 19.63  
(17.50, 21.96) 

487 19.34  
(17.66, 21.14) 

0.99  
(0.85, 1.14) 

1417 6.54  
(6.20, 6.88) 

1730 4.22  
(4.02, 4.42) 

0.65  
(0.60, 0.69) 

5-9 years 122 4.56  
(3.79, 5.45) 

237 5.39  
(4.72, 6.12) 

1.18  
(0.95, 1.48) 

881 2.33  
(2.18, 2.49) 

1197 1.81  
(1.71, 1.92) 

0.78  
(0.71, 0.85) 

10-19 years 139 2.94 (2.47, 3.47) 224 2.69  
(2.35, 3.06) 

0.91  
(0.74, 1.14) 

1374 1.68  
(1.59, 1.77) 

2436 1.71  
(1.64, 1.78) 

1.02  
(0.95, 1.09) 

20-44 years 554 7.22  
(6.63, 7.85) 

886 6.47  
(6.05, 6.91) 

0.89  
(0.80, 1.00) 

8023 3.78  
(3.70, 3.86) 

15989 4.06  
(4.00, 4.12) 

1.07  
(1.05, 1.10) 

45-64 years 360 13.29  
(11.95, 14.74) 

830 15.66  
(14.61, 16.76) 

1.18  
(1.04, 1.34) 

7527 5.11  
(4.99, 5.22) 

16030 5.82  
(5.73, 5.92) 

1.14  
(1.11, 1.17) 

≥65 years 187 31.69 ( 
27.31 36.57) 

325 28.94  
(25.87, 32.26) 

0.91  
(0.76, 1.10) 

11866 16.94  
(16.64, 17.25) 

24739 18.64  
(18.41, 18.87) 

1.10  
(1.08, 1.12) 

CI: confidence interval aIncidence rate ratio of rotavirus vaccine period to pre-rotavirus vaccine period hospitalisation rate 
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5.4.3 Time-series analysis of all-cause gastroenteritis 

Figure 5.1 shows the observed and modelled monthly series of all-cause gastroenteritis coded 

hospitalisations per 1000 population over the modelling horizon. Between July 2004 and June 

2012, there were a total of 106,974 all-cause gastroenteritis-coded hospitalisations, giving an 

overall age-standardised rate of 6.27 per 1000 population. Crude hospitalisation rates over 

the modelling horizon were highest in the less than 12 months age group (19.3 per 1000 

population) followed by 12-23 months and ≥65 years age group (both 18.2 per 1000 

population). 

 

The series up to and including the 4-year-old age group had similar characteristics, including 

temporal autoregressive dependence. A 38-51% reduction in all-cause acute gastroenteritis-

coded hospitalisations was observed between 31 Dec 2006 and 1 Jan 2008 in all age groups 

aged less than 5 years. The 12-23 months age group experienced the largest proportional 

reduction in hospitalisations at 51% (95% CI: 40, 61, p-value <0.001) followed by the 3-year 

old age group at 40% (95% CI: 24, 53, p-value <0.001). The other age groups showed 

approximately equal reductions of around 38%. In absolute terms, the less than 12 months 

and 12-23 months old cohorts showed the largest mean reduction equal to 11.2 and 14 

hospitalisations per 1000 population respectively. The parameter estimates (p<0.05) 

suggested a seasonal peak period (July to August) of hospitalisations in all age groups except 

the 12-23 months old age group. Additionally, in the less than 12 months and 2-year age 

groups, a significant interaction between the vaccination period and the seasonal peak 

suggested that both the rate of hospitalisations and the variability throughout the year was 

reduced in the post vaccination period.  
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Figure 5.1 Observed (grey) and modelled (black) monthly all-cause gastroenteritis coded 
hospitalisations per 1000 population 2004-2012 by age class 
Note: A linear trend was adopted for the 20-44 age-group because there was negligible 
temporal dependence in the series and this limited our ability to include autoregressive or 
moving-average terms in the model. 



86 

 

Amongst those aged ≥5 years, the instantaneous decline in all-cause gastroenteritis-coded 

hospitalisations between 31 Dec 2006 and 1 Jan 2008 was less than that seen in the younger 

age groups ranging from 7-40%, with the 5-9 years old age group showing the largest decline 

of 40% (95% CI: 21, 55, p-value <0.001). Also, in contrast to the younger age groups, the time 

series for the 5-9 through to the 45-64 years old age groups generally suggested an increasing 

linear trend in hospitalisation rate across all or part of the modelling horizon. The 10-19 years 

old age group had the steepest trend, increasing at approximately 1% per annum. However, 

this was only seen in the post vaccination period. The level of all-cause gastroenteritis-coded 

hospitalisations in the 10-19, 20-44 and 45-64 years old cohorts were at or above the typical 

pre-vaccination rates. The parameter estimates from the model showed evidence of a 

seasonal peak period (July to August) with a relative increase of around 17% in the 5-9 years 

old cohort. Among adults aged ≥65 years, an increasing linear trend hospitalisation rate was 

evident across the entire modelling horizon but no change in hospitalisation rate was found 

between 1 Jan 2007 and 31 Dec 2007. Furthermore, the variability in this series was not as 

extreme in the younger age groups and there was no evidence of seasonality. Finally, while an 

upward spike in hospitalisation rates were observed in 2010 among those aged 3-9 years, 

none of the other age groups showed this pulse. 

 

5.5 Discussion 

Using total population-level hospitalisation data, this ecological study has described the 

burden of both rotavirus-coded and non-rotavirus acute gastroenteritis-coded hospitalisations 

in Western Australia over a 9-year period. In this study, following the introduction of the 

vaccination program in mid-2007, significant reductions of up to 79% in rotavirus-coded 

hospitalisation rates were observed in all non-Aboriginal children aged less than 5 years 

whereas, among the Aboriginal population, decline in hospitalisation rates were only 

observed among children aged less than 2 years (up to 66%) - it must be noted that although a 
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32% reduction in rotavirus-coded hospitalisations were observed among Aboriginal children 

aged 2-4 years, the numbers were low to make any meaningful interpretation. The magnitude 

of these observed declines are similar to declines observed in other countries with low child 

mortality wherein hospitalisations and emergency department visits due to laboratory-

confirmed rotavirus gastroenteritis declined by a median of 71% following the introduction of 

infant rotavirus vaccination program.156 

 

In the period following rotavirus vaccination program introduction, significant reductions (of 

up to 44%) in non-rotavirus acute gastroenteritis-coded hospitalisations were also observed in 

children age-eligible for vaccination. Similar declines have been noted in other settings in 

Australia and elsewhere.78,104,106,107,156,157 This suggests that many episodes of rotavirus-related 

hospitalisations are assigned non-specific gastroenteritis diagnostic codes.158 An Australian 

study has shown that only a third of all gastroenteritis-coded hospitalisations that tested 

positive for rotavirus had a rotavirus-specific code i.e. the sensitivity of the rotavirus diagnosis 

code was only 62%, with no significant differences noted in the sensitivity and specificity of 

the coding in the pre and post vaccine periods.159 

 

In the time series analysis, reductions in all-cause gastroenteritis-coded hospitalisations were 

observed rapidly after 2007 with the introduction of the rotavirus vaccination program even 

among children who were not age-eligible to be vaccinated. This suggests an indirect 

protective effect of the vaccination program among unvaccinated children, i.e. herd immunity, 

similar to those reported in other settings in Australia and other countries with universal 

rotavirus vaccination programs.89,104,107,109,160 A temporary increase in all-cause gastroenteritis 

hospitalisation rates was observed in 2010 among older children who were not age-eligible to 

have received the rotavirus vaccine i.e. among those aged 3-9 years. Rotavirus-related 

hospitalisations could have contributed to this increase since a spike in rotavirus notifications 
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in 2010 was observed in Western Australia.161 Rotavirus disease, like many infectious diseases, 

exhibits annual/seasonal cycles and studies have demonstrated the biennial pattern (or 

increase in interepidemic time) in rotavirus disease incidence following the introduction of 

rotavirus vaccination programs.162-164 The biennial pattern is attributed to the accumulation of 

unvaccinated individuals, with decreased exposure to natural rotavirus infections in early 

childhood following rotavirus vaccination introduction resulting in stronger rotavirus season 

due to increased rotavirus susceptibility in this unvaccinated population. In Western Australia, 

2010 appears to be the first year to demonstrate this biennial increase in rotavirus incidence 

following vaccine introduction.161,165  

 

Compared to the pre-rotavirus vaccine era, all-cause gastroenteritis rates were higher in the 

rotavirus vaccination program period among adults. Notifications for several non-rotavirus 

gastroenteritis have shown a steady increase in Western Australia since 2007, especially 

notifications for non-typhoidal salmonella relating to foodborne outbreaks caused by 

Salmonella Typhimurium and Salmonella Enteritidis.161 Among the 45-64 years age group in 

our study, the increase in gastroenteritis hospitalisation rates was underpinned by increase in 

non-typhoidal salmonella-coded hospitalisations over the study period (data not shown). 

Among adults aged ≥65 years, rotavirus-coded hospitalisations, although uncommon, 

increased by 89% in the rotavirus vaccination program period. Increase in rotavirus-related 

hospitalisation in those aged ≥65 years following introduction of rotavirus vaccination has 

been observed at a national level in Australia,104,117 but this finding contrasts with studies 

elsewhere which have shown indirect effects among adults.90,91 As with children, reduction in 

rotavirus circulation in the community following vaccine introduction could have resulted in 

minimal exposure to the virus leading to decreased immune boosting against the virus in this 

population. In a randomised controlled trial, RV5 has been demonstrated to be safe and 

immunogenic in healthy elderly adults aged 65-80 years.166 Keeping in mind the burden of 
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rotavirus disease in the elderly, the value and benefit of rotavirus vaccination in this 

population needs to be evaluated.  

 

The strength of this study is that it is based on a large comprehensive population-based 

analysis of 8 years of hospitalisation data spanning pre- and post-rotavirus vaccination 

periods. This enabled us to analyse the age-specific burden of rotavirus-coded and non-

rotavirus acute gastroenteritis-coded hospitalisations prior to and after the introduction of 

rotavirus vaccination. Also, because we have reliable data on Aboriginal status, we were able 

to analyse hospitalisation rates separately for Aboriginal and non-Aboriginal children. An 

important limitation of our study is that we lacked information on individual immunisation 

status and therefore, the impact of rotavirus vaccination on the vaccinated and unvaccinated 

cohort could not be elicited.  Also, we relied on discharge diagnosis codes to identify 

rotavirus-related hospitalisations and information on the temporal changes in testing 

practices for rotavirus in the hospital setting in Western Australia over the study period was 

not available. This could have underestimated the true burden of rotavirus-related 

hospitalisation in the population. 

 

In conclusion, our findings demonstrate substantial reductions in rotavirus-specific and all-

cause gastroenteritis-coded hospitalisations in children in Western Australia following the 

introduction of the rotavirus vaccination program. However, despite the implementation of a 

vaccine program with demonstrated herd immunity in children, this study did not find 

evidence of herd immunity among adults; our results showed a significant increase in 

rotavirus-coded and all-cause gastroenteritis hospitalisations among adults aged ≥65 years 

denoting the susceptibility of this population to rotavirus. Continued population-level 

surveillance is warranted to assess the impact of rotavirus vaccination on the epidemiology of 

age-specific acute gastroenteritis across different age-groups and subpopulations.
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6.1 Preamble 

Chapter 5 reported on the burden of rotavirus-coded and non-rotavirus gastroenteritis-coded 

hospitalisations in the Western Australian population and the temporal trends over 8 years. In 

addition to assessing the hospitalised burden of gastroenteritis, Aim 1 of this body of research 

also sought to assess the burden of notified rotavirus infections in Western Australia. This 

chapter quantifies the burden of notified rotavirus infection in the Aboriginal and non-

Aboriginal population in Western Australia.  

 

This Chapter has been formatted and presented here as a manuscript. Post my PhD thesis 

submission, I plan to submit this Chapter (with the inclusion of the vaccine effectiveness 

analysis described in Chapter 9-Part B) to the peer-reviewed Communicable Diseases 

Intelligence journal as an original research paper. I collated, cleaned and conducted all 

analyses and wrote the first draft of the manuscript. This chapter includes the first part of the 

intended manuscript with some exclusions. Details regarding the study setting and data 

source (already presented in Chapter 4) have been reduced from Section 6.3.2 to minimise 

duplication.  

 

6.2 Introduction 

Rotavirus is the most common cause of severe gastroenteritis in young children worldwide.1 

Encased in three concentric protein layers consisting of a core, inner and outer capsid, the 

double-stranded RNA genome of rotavirus encodes six structural viral proteins (VP1-4, VP6 

and VP7) and six non-structural proteins (NSP1-6).12 Based on the antigenicity of the inner 

capsid protein VP6, the virus is classified into seven groups (A-G) of which Group A rotavirus is 

the most common cause of symptomatic disease in humans. The two outer capsid proteins 

VP7 (glycoprotein, G) and VP4 (protease sensitive, P) form the basis of the binary classification 
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of Group A rotavirus strains.19 Of the >60 G/P combinations, more than 90% of all disease are 

caused by G1P[8], G2P[4], G3P[8], G4P[8] and G9P[8].21,27 

 

Currently, two live attenuated oral rotavirus vaccines have been included in the Australian 

National Immunisation Program (NIP): the 2-dose RV1 (Rotarix, GlaxoSmithKline) vaccine, and 

the 3-dose RV5 (RotaTeq, Merck and Co) vaccine.99 RV1 is composed of a monovalent human 

G1P[8] rotavirus strain whereas RV5 consists of pentavalent human-bovine reassortment 

strains encoding G1, G2, G3, G4 and P[8].20 These oral vaccines mimic natural infection and 

elicit neutralizing genotype-specific and genotype cross-reactive antibodies. They have been 

reported to provide homotypic and heterotypic protection against severe rotavirus disease.20 

In Western Australia, the NIP provided RV1 (at ages 2 and 4 months) from July 2007, and then 

switched to RV5 (at ages 2, 4 and 6 months) from July 2009. Following the inclusion of 

rotavirus vaccination in the NIP, high vaccine uptake was rapidly achieved; in Western 

Australia the annual uptake of rotavirus reached around 85% in 2008 and has remained 

steady over the course of the study period.100 Post-licensure studies in Australia and 

elsewhere have demonstrated the effectiveness of rotavirus vaccines (both RV1 and RV5) 

against severe rotavirus disease requiring medical attention in the population.77,78 

 

In Western Australia, among children aged less than 5 years, the overall vaccine effectiveness 

of rotavirus vaccines against laboratory-confirmed and notified rotavirus gastroenteritis has 

been estimated to be 83% (95% CI: 48, 95) among Aboriginal children and 69% (95% CI: 48, 

81) among non-Aboriginal children.167 Also, the risk of gastroenteritis hospitalisation was 

observed to have declined by more than 50% among children aged less than 15 years post-

rotavirus vaccine introduction.151 Despite the substantial impact of rotavirus vaccination on 

disease activity, studies in Australia and the United States have shown that low levels of 

rotavirus virus activity still persist in the community accompanied by increased activity 
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observed in older unvaccinated children and the elderly.117,164 This study aimed to describe the 

temporal trends of the overall and age-specific rates of laboratory confirmed and notified 

rotavirus infections, across the different geographical regions of Western Australia, among 

both Aboriginal and non-Aboriginal population. 

 

6.3 Methods 

6.3.1 Study setting 

Western Australia covers the western third of Australia with an estimated population of 

nearly 2.6 million, 3.9% of whom identify as Aboriginal.133 Western Australia is divided into 

different administrative regions: Metropolitan (North, East and South), Kimberley, Pilbara, 

Midwest, Wheatbelt, Goldfields, SouthWest and Great Southern. Each region is served by a 

Public Health Unit responsible for public health activities, including communicable disease 

control. Approximately 80% of the non-Aboriginal population reside in the Perth metropolitan 

area, whereas nearly 60% of the Aboriginal population reside in the rural and remote regions 

of the State.130 

 

6.3.2 Data source, study cohort and variables of interest 

The rotavirus notification data used in this study were obtained from WANIDD (described in 

section 4.3.4 in this thesis). The cohort for this study comprised all notified cases for rotavirus 

illness with an optimal date of disease onset from 1 July 2006 to 31 December 2015 as 

recorded on WANIDD. Other variables available from WANIDD included sex, Aboriginal status, 

region of residence at the time of disease onset, age in days at the time of disease onset and 

genotyping information of the rotavirus strain identified in the stool samples.  

 

Genotyping data were available only for a subset of the notified cases. This is because only a 

proportion of confirmed rotavirus samples (together with relevant demographic details) are 



96 

 

sent by select collaborating laboratories in Western Australia to the National Rotavirus 

Reference Centre for characterisation.115 Furthermore, genotyping data on WANIDD was 

routinely recorded on WANIDD only from 2011 onwards (Giele C, CDCD, Western Australian 

Department of Health; personal communication). 

 

6.3.3 Statistical analysis 

Using annual overall and region-specific population estimates (generated by Rates Calculator 

[Epidemiology Branch, Western Australian Department of Health]) as the denominator, age-

specific incidence and age-standardised (where appropriate) rates of rotavirus notifications 

were calculated. Incidence rate ratios with 95% confidence intervals (CIs) were calculated 

between the pre-rotavirus vaccination period (2006-2007) and rotavirus vaccination period 

(2008-2015) across the different age groups. Due to low numbers, genotype data were only 

analysed by year of notification and G type. All analyses were conducted using Stata (version 

15) and EpiBasic (version 4.1). 

 

6.3.4 Ethical Approvals 

This study was approved by the Western Australian Department of Health Human Research 

Ethics Committee, the Western Australian Aboriginal Health Ethics Committee, and the 

University of Western Australia Human Research Ethics Committee. 

 

6.4 Results 

From July 2006 to December 2015, there were a total of 4355 notified cases of rotavirus in 

Western Australia. Nearly 8% (n=344) of all records were recorded as being from Aboriginal 

subjects while 12.8% (n=558) of the records did not have Aboriginal status recorded. Males 

(49.3%) and females (50.7%) were equally represented among the notifications. 

Approximately 63% (n=2729) of all rotavirus notifications were among children aged less than 
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5 years. Among the Western Australian regions, 77.4% (n=3,370) of all notifications were from 

metropolitan Perth, 10.7% (n=467) from rural and 10.9% (n=286) from remote regions of 

Western Australia; 1.0% (n=42) of all notifications were from individuals who were not 

residents of Western Australia.  

 

The overall age-standardised rotavirus notification rate over the study period was 19.5 per 

100,000 population. The overall notification rates were highest among children aged less than 

12 months (377.5 per 100,000 population) followed by those aged 12-23 months (278.1 per 

100,000 population); Table 6.1. Among adults, rotavirus notifications were higher among 

those aged ≥65 years (17.8 per 100,000 population) than those aged 20-44 (5.4 per 100,000 

population) or 45-64 (5.8 per 100,000 population); Table 6.1. The age-specific annual rates of 

rotavirus notifications varied from year to year (Figure 6.1). A near biennial pattern of 

increased rates (in 2010, 2012 and 2015) were observed in those aged 12 months to 9 years; a 

significant increase in notification rates was observed in almost all age groups in 2010 (Figure 

6.1). 

 

Compared to the pre-rotavirus vaccination period (2006-2007), notifications were significantly 

lower in the rotavirus vaccination period among those aged less than 12 months (IRR: 0.54; 

95% CI: 0.47, 0.62), 12-23 months (IRR: 0.26; 95% CI: 0.22, 0.30) and 2-4 years (IRR: 0.45; 95% 

CI: 0.38, 0.53); Table 6.1. Among adults aged ≥65 years, notification rates were higher in the 

rotavirus vaccination period than in the pre-rotavirus vaccination period (IRR: 1.50; 95% CI: 

1.11, 2.09). There were no discernible differences in notification rates between the pre-

rotavirus vaccination and rotavirus vaccination periods among the other age groups (Table 

6.1). 
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Table 6.1 Age-specific rotavirus notification rates per 100,000 population and rate ratios before and after the introduction of rotavirus 
vaccination in Western Australia (July 2006 – December 2015) 

Age group 

Rotavirus notification time period 

Incidence rate ratios* 
(95% CI)  Overall 

(2006-2015)  
 

Pre-rotavirus 
vaccination 
(2006-2007)  

 
Post-rotavirus 

vaccination 
(2008-2015)  

n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) 
<12 months 1137 377.5 (355.9, 400.1) 253 629.7 (554.5, 712.3) 884 338.7 (316.7, 361.8) 0.54 (0.47, 0.62) 

12-23 months 830 278.0 (259.5, 297.6) 311 774.4 (690.7, 865.4) 142 200.9 (184.0, 218.9) 0.26 (0.22, 0.30) 
2-4 years 762 86.7 (80.6, 93.0)  199 165.1 (143.0, 189.7) 563 74.2 (68.2, 80.6) 0.45 (0.38, 0.53) 
5-9 years 263 18.5 (16.3, 20.8) 43 21.0 (15.2, 28.3) 220 18.0 (15.7, 20.6) 0.86 (0.62, 1.22) 

10-19 years 111 3.8 (3.2, 4.6) 22 5.0 (3.2, 7.6) 89 3.6 (2.9, 4.5) 0.72 (0.45, 1.21) 
20-44 years 444 5.4 (4.9, 5.9) 60 5.3 (4.0, 6.8) 384 5.4 (4.9, 6.0) 1.02 (0.78, 1.36) 
45-64 years 320 5.8 (5.2, 6.5)  41 5.2 (3.7, 7.1) 279 5.9 (5.2, 6.6) 1.13 (0.81, 1.61) 

≥65 years 488 17.8 (16.3, 19.5) 46 12.4 (9.1, 16.6) 442 18.7 (17.0, 20.5) 1.50 (1.11, 2.09) 
*Incident rate ratio between the rotavirus vaccination period and pre-rotavirus vaccination period 
CI: Confidence interval 
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Figure 6.1 Age-specific rotavirus notification rates per 100,000 population by month and 
year of onset in Western Australia (July 2006 – December 2015) 
Note the difference in scale; Dashed line denotes the introduction of rotavirus vaccination in 
July 2007 
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6.4.1 Notification rates by Western Australian regions 

Among the different regions in Western Australia, the overall age-standardised rotavirus 

notification rates were highest in the remote regions of Kimberley (41.1 per 100,000 

population; 95% CI: 34.6, 47.6) and the Pilbara (32.8 per 100,000 population; 95% CI: 28.4, 

37.3) regions, whereas the rates were lowest in the Midwest (11.0 per 100,000 population; 

95% CI: 8.4, 13.5) and Great Southern (11.8 per 100,000 population; 95% CI: 8.9, 14.7) regions 

(Table 6.2). In all the regions of Western Australia, among all age groups, notification rates 

were highest among children aged less than 2 years (Table 6.2). Due to small numbers, age-

specific rates in the different regions have been reported only for children aged less than 5 

years (Table 6.2).  

 

Comparing the pre-rotavirus and rotavirus vaccination periods, an increase in the age-

standardised notification rates was observed in the rotavirus vaccination period in the 

Midwest region (IRR: 1.36; 95% CI: 1.04, 1.74); Table 6.2. Notification rates in the Kimberley 

and Pilbara regions were similar in both the pre-rotavirus and rotavirus vaccination periods 

whereas, the rates were significantly lower (by up to 58%) in the other health regions (Table 

6.2). Apart from the metropolitan region, where notifications rates were significantly lower 

among children aged less than 5 years in the rotavirus vaccination period, notification 

numbers in the individual age groups were too small to make any meaningful comparisons 

between the pre-rotavirus and rotavirus vaccination period (Table 6.2).  
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Table 6.2 Age-specific and age-standardised rotavirus notification rates per 100,000 population and rate ratios before and after the introduction of 
rotavirus vaccine in the different regions of Western Australia (July 2006 – December 2015) 

Region 
Overall  

(2006-2015) 
Pre-rotavirus vaccination  

(2006-2007) 
Post-rotavirus vaccination  

(2008-2015) 
Incidence rate 

ratios* 
(95% CI) n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) 

Metropolitan        
<12 months 827 352.7 (329.1, 377.6) 195 639.5 (552.9, 735.8) 632 309.9 (286.2, 335.0) 0.48 (0.41, 0.57) 

12-23 months 611 265.8 (245.1, 287.7) 264 877.9 (775.2, 990.4,) 347 173.7 (155.9, 193.0) 0.20 (0.17, 0.23) 
2-4 years 588 87.9 (81.0, 95.3) 163 183.5 (156.4, 213.9) 425 73.3 (66.5, 80.6) 0.40 (0.33, 0.48) 
5-9 years 198 18.4 (15.9, 21.2) 32 21.3 (14.6, 30.1) 166 17.9 (15.3, 20.9) 0.84 (0.57, 1.27) 

Total# (age-standardised) 3370 19.3 (18.7, 20.0) 795 34.3 (31.9, 36.7) 2575 17.1 (16.4, 17.7) 0.49 (0.48, 0.51) 
        

Rural regions        
Midwest        

<12 months 20 240.1 (146.6, 370.8) <5 250.3 (51.6, 731.6) <20 238.4 (138.9, 381.6) 0.95 (0.28, 5.07) 
12-23 months 13 152.5 (81.2, 260.8) <5 79.6 (2.0, 443.3) <13 165.2 (85.3, 288.5) 2.08 (0.31, 88.72) 

2-4 years 13 49.9 (26.6, 85.4) <5 50.1 (6.1, 181.0) <13 49.9 (24.9, 89.3) 1.00 (0.22, 9.24) 
Total (age-standardised) 70 11.0 (8.4, 13.5) 8 8.5 (2.6, 14.3) 62 11.4 (9.1, 12.8) 1.36 (1.04, 1.74) 

Great Southern        
<12 months 10 144.7 (69.4, 266.1) <5 195.4 (23.7, 705.9) <10 135.9 (58.7, 267.7) 0.70 (0.14, 6.72) 

12-23 months 7 99.5 (40.0, 205.0) <5 189.6 (23.0, 684.9) <7 83.6 (27.1, 195.1)  0.44 (0.07, 4.63) 
2-4 years 18 83.3 (49.4, 131.6) <5 150.8 (49.0, 351.9) <18 71.0 (37.8, 121.5) 0.47 (0.16, 1.69) 

Total (age-standardised) 64 11.8 (8.9, 14.7) 19 22.8 (12.5, 33.1) 45 9.8 (6.9, 12.7) 0.42 (0.31, 0.57) 
Southwest        

<12 months 57 282.5 (213.9, 365.9) 10 270.8 (177.8, 681.9) 47 268.8 (197.5, 357.5) 0.72 (0.36, 1.61) 
12-23 months 55 269.5 (203.0, 350.8) 14 506.4 (276.9, 849.7) 41 232.4 (166.8, 315.2) 0.46 (0.25, 0.91) 

2-4 years 48 77.2 (56.9, 102.3) 14 162.9 (89.1, 273.3) 34 63.4 (43.9, 88.6) 0.39 (0.20, 0.79) 
Total (age-standardised) 235 15.1 (13.2, 17.1) 47 22.1 (15.8, 28.4) 188 14.0 (12.0, 16.0) 0.63 (0.55, 0.73) 
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Region 
Overall  

(2006-2015) 
Pre-rotavirus vaccination  

(2006-2007) 
Post-rotavirus vaccination  

(2008-2015) 
Incidence rate 

ratios* 
(95% CI) n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) 

Wheatbelt        
<12 months 22 248.5 (155.7, 376.2) 5 380.5 (123.6, 888.1) 17 225.5 (131.3, 361.0) 0.59 (0.21, 2.05) 

12-23 months 13 138.3 (73.7, 236.6) 6 418.2 (153.5, 910.3) 7 87.9 (35.3, 181.1) 0.21 (0.06, 0.76) 
2-4 years 14 47.1 (25.7, 79.0) <5 42.8 (5.2, 154.6) <14 47.9 (24.7, 83.7) 1.12 (0.25, 10.30) 

Total (age-standardised) 98 13.6 (10.8, 16.3) 19 17.4 (9.6, 25.3) 79 12.8 (10.0, 15.7) 0.76 (0.60, 0.94) 
        

Remote regions        
Pilbara        

<12 months 72 860.5 (673.3, 1083.6) 12 942.2 (486.8, 1645.8) 60 845.8 (645.5, 1088.7) 0.90 (0.48, 1.83) 
12-23 months 56 649.0 (490.2, 842.7) 11 837.6 (418.1, 1498.6) 45 615.1 (448.7, 823.0) 0.73 (0.37, 1.57) 

2-4 years 48 186.0 (137.1, 246.6) 7 173.9 (69.9, 358.3) 41 188.2 (135.1, 255.3) 1.08 (0.48, 2.86) 
Total (age-standardised) 211 32.8 (28.4, 37.3) 33 33.8 (22.2, 45.4) 178 32.7 (27.8, 37.5) 0.96 (0.82, 1.11) 

Goldfields        
<12 months 41 466.1 (334.5, 632.4) 11 861.7 (430.1, 1541.8) 30 399.0 (269.2, 569.6) 0.46 (0.23, 1.02) 

12-23 months 24 269.5 (172.7, 401.0) 6 453.1 (166.3, 986.3) 18 237.4 (140.7, 375.2) 0.52 (0.20, 1.61) 
2-4 years 10 37.6 (18.1, 69.2) <5 72.9 (15.0, 213.1) <10 31.2 (12.5, 64.2) 0.43 (0.10, 2.56) 

Total (age-standardised) 98 15.4 (12.3, 18.5) 25 26.4 (15.8, 37.0) 73 13.5 (10.3, 16.6) 0.51 (0.40, 0.64) 
Kimberley        

<12 months 76 1435.4 (1130.9, 1796.6)  15 1663.4 (931.0, 2743.6) 61 1388.6 (1062.2, 1783.7) 0.83 (0.47, 1.58) 
12-23 months 44 765.6 (556.3, 1027.8) 10 1064.5 (510.5, 1957.6) 34 707.2 (489.7, 988.2) 0.66 (0.32, 1.51) 

2-4 years 21 113.3 (70.1, 173.2) <5 68.0 (8.2, 245.8) <21 121.8 (73.3, 190.2) 1.79 (0.43, 15.85) 
Total (age-standardised) 167 41.1 (34.6, 47.6) 31 45.8 (29.5, 62.1) 136 40.1 (33.1, 47.2) 0.86 (0.72. 1.01) 

*Incident rate ratio between the rotavirus vaccination period and pre-rotavirus vaccination period 
#Total includes all age groups from <12 months to ≥65 years; CI: Confidence interval 
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6.4.2 Notification rates by Aboriginal status 

More than one-third (n=263) of all Aboriginal notifications were among children aged less 

than 2 years. Since numbers were small for other age-groups in the Aboriginal population, 

age-specific notification rates by Aboriginal status have been reported only among children 

aged less than 2 years (Table 6.3). For the period 2006-2015, the notification rates among 

Aboriginal children aged less than 12 months were approximately three times (95% CI: 2.5, 

3.5) higher than non-Aboriginal children (872.8 vs 294.3 per 100,000 population) and 1.9 

times (95% CI: 1.5, 2.4) higher among children aged 12-23 months (406.5 vs 216.5 per 100,000 

population); Table 6.3.  

 

Nearly 70% (n=183) of all notified Aboriginal children aged less than 2 years resided in the 

remote regions of Western Australia with 21% (n=55) residing in the metropolitan region, 

whereas among non-Aboriginal children, 82% (n=1164) of the notifications were from the 

metropolitan region with only 8% (n=119) from the remote regions. Compared to Aboriginal 

children living in the metropolitan region of Western Australia, the notifications rates were 

nearly four times higher (95% CI: 2.7, 5.8) among Aboriginal children living in the remote 

regions of Western Australia; no significant differences were observed between the 

notification rates in the different regions among non-Aboriginal children (Table 6.3). Rotavirus 

notification numbers were too low to make any meaningful comparisons of the pre- and post-

rotavirus vaccination periods by Aboriginal status. 
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Table 6.3 Number and rate of rotavirus notification rates per 100,000 population in Aboriginal and non-Aboriginal children aged less than 2 years by the 
different regions of Western Australia (July 2006 – December 2015) 

Age group and 
region 

Aboriginal  Non-Aboriginal 
n Rate (95% CI) IRR (95% CI)  n Rate (95% CI) IRR (95% CI) 

<12 months        
Overall 179 872.8 (749.7, 1010.5) -  826 294.3 (274.6, 315.1) - 

Metropolitan 38 439.5 (311.0, 603.2) Reference  685 303.4 (281.1, 327.0) Reference 
Rural 17 356.6 (207.8, 571.0) 0.81 (0.43, 1.47)  73 184.8 (144.8, 232.3) 0.61 (0.47, 0.78) 

Remote 122 1719.6 (1428.0, 2053.2) 3.91 (2.70, 5.79)  59 384.0 (292.4, 495.4) 1.27 (0.95, 1.65) 
        

12-23 months        
Overall 83 406.5 (323.8, 503.9) -  602 216.5 (199.5, 234.5) - 

Metropolitan 17 202.2 (117.8, 323.8) Reference  479 216.3 (197.4, 236.6) Reference 
Rural 5 104.1 (33.8, 242.9) 0.51 (0.15, 1.45)  57 140.5 (106.4, 182.1) 0.65 (0.48, 0.86) 

Remote 61 846.3 (647.3, 1087.1) 4.19 (2.41, 7.64)  60 373.3 (284.8, 480.5) 1.73 (1.30, 2.26) 
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6.4.3 Genotyping data  

Overall, for the period 2007-2015, 27% of all notifications (n=1101/4118) had data on the 

genotype of the rotavirus identified in their respective sample. During the period 2007-2015, 

of the 154 notifications that had a genotype recorded among the Aboriginal population, G3 

(38%; n=59) was the most commonly identified genotype followed by G12 (30%; n=46); 

among the non-Aboriginal population, G12 (30%, n=268/880) and G1 (29%; n=251/880) were 

the most common.  

 

The diversity of the rotavirus genotypes varied annually among both the Aboriginal and non-

Aboriginal population with greater number of rotavirus strain types observed in the non-

Aboriginal samples (Figure 6.2). For the period up to 2009, when RV1 was in use, G2 and G1 

were the most common genotypes observed whereas, G3 and G12 appear to have emerged in 

the years following the switch to RV5 (in mid-2009) in both Aboriginal and non-Aboriginal 

populations (Figure 6.2). 
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Figure 6.2 Rotavirus genotypes identified among Aboriginal and non-Aboriginal population
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6.5 Discussion 

This population-based study provides comprehensive data on the burden of notified rotavirus 

across all age groups in Western Australia following the introduction of rotavirus vaccine. Our 

findings demonstrate that the population-level impact of rotavirus vaccines is complex. 

Rotavirus continues to cause substantial disease requiring medical attention, even in a 

population where vaccination coverage is high. Over the course of the study period, nearly 

two-thirds of all notifications were among children aged less than 5 years with the highest 

notification rates observed among children aged less than 12 months and 12-23 months. 

Significant reductions in rotavirus notification rates were observed in children aged less than 

5years in the post-vaccine era. However, following the initial immediate drop in rotavirus 

notification rates, after the implementation of the vaccination program, the rates seem to 

have plateaued in this age group. Furthermore, there appears to be a near biennial increase in 

notifications rates, although the rates are still substantially lower than in the pre-vaccine era. 

 

 In contrast to studies elsewhere which have demonstrated indirect effects among adults, the 

findings from this did not show any evidence of rotavirus vaccine impact on the adult 

population.90,91 In fact, among adults aged ≥65 years, although the rates are substantially 

lower than that in young children, there was a 50% increase in notification rate in the post-

vaccine era. It has been hypothesised that reduction in rotavirus circulation in the community 

following vaccine introduction could have resulted in minimal exposure to the virus leading to 

decreased immune boosting against the virus in this population. The increase in the elderly 

need further research to determine whether this is due to a real increase in rotavirus disease 

with inadequate herd protection from the infant vaccination program or due to 

changes/increases in testing practices. 
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Notification rates were substantially higher in the remote regions of Western Australia, 

particularly in the Kimberley. Also, among children aged less than 12 months, notification 

rates were nearly 3 times higher in the Aboriginal than non-Aboriginal children. Rotavirus 

vaccination coverage in the remote regions has been shown to be sub-optimal in the 

Aboriginal population compared with that observed in the non-Aboriginal population in 

Western Australia;100 and the disparity in vaccination coverage between the two population is 

more pronounced in the remote regions compared to the metropolitan region in the State.168 

Also, rotavirus outbreaks occur regularly, especially in the remote communities.116 The lack of 

circulating strains of rotavirus during interepidemic periods (due to smaller community size) 

could potentially lead to a pool of rotavirus-naïve infants susceptible to the next 

outbreak/epidemic strain.  

 

Western Australia is unique among all Australian jurisdictions in that two different rotavirus 

vaccines have been in use during the study period. Although genotype data availability was 

scarce, the pattern of genotypes identified in the RV1 period and RV5 period were quite 

distinct. During the RV1 period, G2 genotypes were predominant within 2 years of RV1 use, 

whereas G3 and G12 appear to have emerged in the years following the use of RV5. This 

pattern of vaccine-induced change in circulating strains have been reported in Australia 

(among the jurisdictions using either RV1 or RV5) and elsewhere.92 Furthermore, a greater 

number of circulating strains were observed among the non-Aboriginal population raising the 

possibility that different genotypic patterns may be observed in different sub-populations. 

  

The findings of this study provide evidence of the long-term impact of rotavirus vaccination in 

an Australian population with high vaccination uptake. The main strength of this study was 

the use of population level data with 8 years of follow up in the post vaccination period to 

assess the burden of rotavirus notifications, across all age groups, in a vaccine era. However, 
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this study does have some limitations. Rotavirus infection in Western Australia may be under-

diagnosed and the notification rates may be an underestimation of the true indication of the 

disease. This is due to the fact that rotavirus disease notification is limited only to those 

episodes of illness where the patient presents to a health care facility, has a specimen 

collected and tested. 

 

Rotavirus notifications on WANIDD may also have been influenced by the changes in testing 

patterns over the course of the study period. In early 2011, there were concerns over 

unexplained increases in rotavirus notifications. Upon investigation, it was discovered that the 

widely used commercially available rotavirus testing kits (VIKIA Rota-Adeno assay) had 

suboptimal test specificity, leading to increased false positive results. Generally, nucleic acid 

detection by PCR is considered the gold standard for detection of viruses. Of all the pathology 

laboratories where rotavirus testing was undertaken and subsequently notified to WANIDD, 

only PathWest laboratories regularly conducted PCR testing for rotavirus. Following reports of 

the low positive predictive value of the rotavirus assay in 2011, all pathology laboratories 

stopped performing non-PCR based tests and samples were forwarded to PathWest for 

rotavirus PCR testing. This could have potentially impacted on reporting to WANIDD. In lieu of 

this change in testing and notification practices, the temporal trends in rotavirus notification 

rates in this study should be interpreted with caution. 

 

In conclusion, following the introduction of the rotavirus vaccination program in Western 

Australia, substantial reductions in annual rotavirus notifications in children aged less than 5 

years were observed. However, although the rates are substantially lower than in the pre-

vaccine era, rotavirus activity continues to persist, particularly among children aged less than 

2 years and the elderly. This highlights the importance of continued surveillance of rotavirus 
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activity at a population-level and also the need to investigate the factors that increase the 

susceptibility of certain populations to rotavirus disease in an era of vaccination. 



 

 

 

 

 

 

Chapter 7 

RISK FACTORS FOR 

GASTROENTERITIS  

Chapter 7 Risk factors for gastroenteritis 
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7.1 Preamble 

Chapters 5 and 6 reported on the burden of rotavirus-specific and all-cause gastroenteritis 

across all ages in the population in Western Australia. Infants and children suffer a 

disproportionate burden of rotavirus disease in both the Aboriginal and non-Aboriginal 

population. Therefore, from here on, the focus of this body of research will be on 

gastroenteritis in children. Addressing aim 3 of this thesis, this Chapter summarises the results 

investigating the maternal and infant characteristics and population attributable fractions 

(PAFs) associated with all-cause gastroenteritis-coded hospitalisations in children in Western 

Australia; and explore the differences in these risk factors between Aboriginal and non-

Aboriginal children.  

 

These results were published in the Paediatric Infectious Disease Journal - ‘Fathima P, Snelling 

TL, de Klerk N, Lehmann D, Blyth CC, Waddington CS, Moore HC. Perinatal risk factors 

associated with gastroenteritis hospitalisations in Aboriginal and non-Aboriginal children in 

Western Australia (2000–2012): A record linkage cohort study. The Pediatric Infectious 

Disease Journal. 2019 Feb; 38(2):169-75. doi: 10.1097/INF.0000000000002063. I collated and 

cleaned the data, conducted all analyses and wrote the first draft of the manuscript. A copy of 

the published paper and the contributions of all co-authors on this manuscript are listed in 

Appendix 2. The published manuscript is presented here in its entirety with some exclusions – 

details regarding the background, study setting and methodology already presented in the 

previous chapters have been omitted from Section 7.3 and 7.4 to minimise duplication.  

 

7.2 Introduction 

Identification of risk factors for acute gastroenteritis is central to the implementation of 

targeted preventive public health policies. Studies investigating perinatal risk factors 

associated with gastroenteritis hospitalisations have generally focussed on gestational age, 
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mode of delivery and/or breastfeeding.6,7,169,170 So far only one study has examined a 

multitude of perinatal risk factors associated with hospitalisations for gastroenteritis but it 

was conducted nearly two decades ago.8  To our knowledge no study has investigated 

perinatal risk factors for gastroenteritis separately for Aboriginal and non-Aboriginal children. 

Considering the relatively higher rates of gastroenteritis hospitalisation rates in Aboriginal 

children compared to non-Aboriginal children, it is unknown whether risk factors for 

gastroenteritis hospitalisation differ between the two population subgroups. By using total 

population-based linked cohort data with accurate identification of Aboriginal status, we have 

sufficient power to investigate perinatal risk factors for gastroenteritis hospitalisations at a 

population level. Thus, we aimed to investigate perinatal risk factors associated with 

gastroenteritis hospitalisation in a birth cohort of children in Western Australia and explore 

the differences in these risk factors by Aboriginality.  In addition, we estimate population 

attributable fractions (PAF) which provide a predicted estimate of the proportion of disease 

that can be averted by eliminating a particular risk factor and, from a public health 

perspective, highlight those modifiable risk factors that could be targeted by interventions. 

 

7.3 Methods 

We conducted a retrospective cohort study of probabilistically linked administrative 

population-based health data using the Western Australian data linkage system.141 

 

7.3.1 Study population and data sources 

We included all children live-born in Western Australia between January 1, 2000 and 

December 31, 2012, identified through the MNS and/or the Birth and Death Registries (Figure 

7.1).  All hospital records pertaining to children in the birth cohort were sourced and linked by 

the Western Australian DLB from HMDC.  
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Figure 7.1 Flow chart showing assembly of cohort and datasets linked 

 

7.3.2 Variables of interest 

The study outcome was all hospital records which had an acute gastroenteritis-related ICD-10-

AM code (A00-A09) in the principal diagnosis field and had an admission and separation date 

between January 2000 and June 2014. Inter-hospital transfers and transfers within the same 

hospital, with the same principal diagnosis, were grouped into a single hospital admission. 

Gastroenteritis admissions within 14 days of a previous gastroenteritis admission having the 

same principal diagnosis code were grouped together and classified as a single episode of 

illness. These are hereafter referred to as gastroenteritis hospitalisations. 

 

Aboriginal status of the child was identified using the derived Aboriginal status provided by 

Western Australian DLB.146 Risk factors for gastroenteritis were chosen a priori, based on 
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known association with infection-related hospitalisations in children and data availability 

(Table 4.3).171  

 

7.3.3 Statistical analysis 

Using all gastroenteritis hospitalisations as the numerator and person-time-at-risk as the 

denominator, overall and annual age-specific incidence rates of acute gastroenteritis 

hospitalisations were calculated separately for Aboriginal and non-Aboriginal children aged 

less than 15 years. We calculated incidence rate ratios (IRRs) between Aboriginal and non-

Aboriginal children across different age groups. Exact 95% confidence intervals (CI) and IRRs 

were calculated using EpiBasic (version 3). 

 

Cox proportional hazards regression was used to calculate the adjusted hazard ratios (aHR) 

and the associated 95% confidence intervals (CIs) for the association between the 

independent exposure variables and first gastroenteritis hospitalisation. The censor date was 

set to the date of first hospitalisation for gastroenteritis, death, or end of the study period (30 

June 2014), whichever occurred first. Age of the child was used to measure the time to first 

hospitalisation for gastroenteritis. Univariate analyses of each exposure variable were first 

conducted and only factors with p-value ≤ 0.2 were included in the multivariate models. 

Adjusted PAFs and their 95% CIs were calculated for each identified risk factor in our study 

using the punafcc command in STATA. Separate models were constructed for Aboriginal and 

non-Aboriginal children. Sensitivity analyses were performed to assess risk factors when a) the 

outcome was all hospital records with gastroenteritis-related ICD-10-AM code in the principal 

and additional diagnoses fields; and b) when the cohort was restricted to all children who 

were eligible for receipt of rotavirus vaccine (birth from May 2007). 
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Data cleaning was performed in IBM SPSS (version 23). All analyses were conducted using 

Stata (version 13.1). 

 

7.3.4 Ethical approvals 

This study was conducted with approvals from the Western Australian Department of Health 

Human Research Ethics Committee, the Western Australian Aboriginal Health Ethics 

Committee and the University of Western Australia Human Research Ethics Committee. 

 

7.4 Results 

The birth cohort comprised 367,476 children, of whom 24,597 (6.7%) identified as Aboriginal. 

1504 (0.4%) children died over the course of the study period. The total person-time-at-risk 

was 190,407 years for Aboriginal children and 2,592,760 years for non-Aboriginal children. The 

demographic and perinatal characteristics of the cohort are described in Table 7.1.  

 

Between January 2000 and June 2014, 13,881 children in the cohort (12.7% of all Aboriginal 

children and 3.1% of all non-Aboriginal children) were hospitalised at least once for 

gastroenteritis (Table 7.1). Of these, approximately 1 in 5 (670/3131; 21.4%) Aboriginal 

children were hospitalised more than once for gastroenteritis compared with 1 in 13 

(813/10,750; 7.6%) non-Aboriginal children giving a total of 15,888 gastroenteritis coded 

hospital admissions, of which 4086 (25.7%) occurred among Aboriginal children. The median 

age at first admission for gastroenteritis was 390 days (inter-quartile range IQR: 215-683 days) 

for Aboriginal children and 551 days (IQR: 298-1049 days) for non-Aboriginal children (Table 

7.1).  

 

The overall gastroenteritis hospitalisation rate (including all admissions) for children aged less 

than 15 years over the study period (2000-2014) was 21.5/1000 child-years for Aboriginal 
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children and 4.6/1000 for non-Aboriginal children; thus gastroenteritis hospitalisation rates 

were 4.7 (95% CI: 4.6-4.9) times higher in Aboriginal than non-Aboriginal children. 

 

Table 7.1 Perinatal and socio-demographic characteristics of children born in Western 
Australia (2000-2012) 

Perinatal and socio-demographic characteristics Aboriginal 
N=24,597 (%)a 

Non-Aboriginal 
N=342,879 (%)a 

Number of children with at least 1 hospital admission for 
gastroenteritis 
 

3,131 (12.7) 10,750 (3.1) 

Median age in days at time of first admission (inter-
quartile range) 
 

390 (215-683) 551 (298-1049) 

Male 
 

12,526 (50.9) 175,336 (51.1) 

Maternal age   
 <20 years 5,598 (22.7) 13,009 (3.8) 
 20-24 years 7,961 (32.4) 49,783 (14.5) 
 25-29 years 5,899 (24.0) 97,004 (28.3) 
 30-34 years 3,375 (13.7) 112,685 (32.9) 
                                                                                                                                                                            ≥35 years 

 
1,764 (7.2) 70,398 (20.5) 

Maternal smoking during pregnancy 
 

11,851 (48.3) 47,495 (13.9) 

Gestational age   
 <33 weeks 821 (3.3) 4,855 (1.4) 
 33-34 weeks 727 (3.0) 5,490 (1.6) 
 35-36 weeks 2,039 (8.3) 17,397 (5.1) 
 ≥37 weeks 

 
21,010 (85.2) 315,137 (91.9) 

Mode of delivery   
 Vaginal 17,243 (70.1) 180,862 (52.8) 
 Instrumentation 1,858 (7.6) 50,184 (14.6) 
 Elective caesarean 2,100 (8.5) 63,072 (18.4) 
 Emergency caesarean 

 
3,360 (13.7) 48,517 (14.2) 

Percent optimal birth weight   
 Low <85% 5,326 (21.7) 35,104 (10.2) 
 Normal 85-114% 14,826 (60.3) 236,412 (69.0) 
 High ≥115% 

 
1,595 (6.5) 29,603 (8.6) 

Multiple birth 
 

606 (2.5) 10,257 (3.0) 

Season of birth   
 Spring 5,851 (23.8) 86,209 (25.1) 
 Summer 6,148 (25.0) 83,601 (24.4) 
 Autumn 6,489 (26.4)  87,699 (25.6) 
 Winter 6,109 (24.8) 85,370 (24.9) 
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Perinatal and socio‐demographic characteristics 
Aboriginal 

N=24,597 (%)a 
Non‐Aboriginal 
N=342,879 (%)a 

SEIFA Index of Advantage and disadvantage     
  0‐10% (most disadvantaged)  7,245 (33.8)  24,173 (7.6) 
  11‐25%  5,656 (26.4)  48,726 (15.3) 
  26‐75%  7,580 (35.4)  165,182 (51.7) 
  76‐90%  796 (3.7)  55,579 (17.4) 
  91‐100% (least disadvantaged) 

 
139 (0.7)  25,708 (8.1) 

Accessibility/remoteness Index of Australia     
  Major cities  7,871 (32.0)  236,753 (69.1) 
  Inner regional  1,606 (6.5)  38,493 (11.2) 
  Outer regional  3,829 (15.6)  26,726 (7.8) 
  Remote  3,807 (15.5)  11,865 (3.5) 
  Very remote  3,638 (14.8)  3,434 (1.0) 
a Percentages may not always add up to 100 due to missing values 

 

Hospitalisation  rates  for gastroenteritis were higher  in  children aged  less  than 2 years  than  

older  age  groups, with  the  highest  rates  seen  in  children  aged  6‐11 months  among  both 

Aboriginal (78.8/1000 child‐years, 95% CI: 73.9‐83.9) and non‐Aboriginal children (11.6/1000 

child‐years, 95% CI: 11.1‐12.1; Table 7.2). This age group also experience the highest disparity 

between Aboriginal and non‐Aboriginal children (IRR 6.8, 95% CI: 6.3‐7.3; Table 7.2). Over the 

course of the study period, hospitalisation rates declined across all ages in both Aboriginal and 

non‐Aboriginal children, although rates appear to have levelled off in recent years (Figure 7.2). 

 

Table 7.2 All‐cause gastroenteritis hospital admission rates per 1000 child years and 
incidence rate ratios (IRRs) comparing Aboriginal and non‐Aboriginal children aged less than 
15 years (2000‐2014) 

Age group 
Aboriginal     Non‐Aboriginal 

IRR (95%CI) 
n  Rate (95% CI)a    n  Rate (95% CI)a 

<6 months  710  58.1 (54.0, 62.5)    1623  9.5 (9.0, 10.0)  6.1 (5.6, 6.7) 
6‐11 months  960  78.8 (73.9, 83.9)    1982  11.6 (11.1, 12.1)  6.8 (6.3, 7.3) 
12‐23 months  1365  56.6 (53.7, 59.7)    3495  10.3 (10.0, 10.7)  5.5 (5.1, 5.8) 
2‐4 years  784  12.8 (11.9, 13.7)    3330  4.0 (3.8, 4.1)  3.2 (3.0, 3.5) 
5‐9 years  236  3.8 (3.3, 4.3)    1203  1.4 (1.4, 1.5)  2.6 (2.8, 3.0) 
10‐14 years  31  1.8 (1.2, 2.5)    169  0.7 (0.6, 1.5)  2.4 (1.7, 3.6) 
Total  4086  21.5 (20.8, 22.1)    11802  4.6 (4.5, 4.6)  4.7 (4.6, 4.9) 

            CI: Confidence intervals 
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Figure 7.2 Age-specific hospitalisation rates for acute gastroenteritis-coded hospitalisations 
in a) Aboriginal and b) non-Aboriginal children (birth cohorts 2000-2012)  
Note the difference in the scale y-axis; Data for the older age groups were not available in the 
latter birth cohort year 

a)     ABORIGINAL 

 

b)             NON-ABORIGINAL 

 
Year of birth 
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In the adjusted model for Aboriginal children, male gender, maternal age less than 25 years, 

pre-term birth less than 37 weeks, low birth weight, residence in regional/remote regions of 

Western Australia and birth in the pre-rotavirus vaccine era were significant independent risk 

factors for hospitalisation for gastroenteritis (Table 7.3). Aboriginal children living in the very 

remote regions of Western Australia had 3.2 times the risk (95% CI: 2.8, 3.6) of hospitalisation 

compared to those living in the major cities. Among Aboriginal children, plurality of birth and 

mode of delivery were not associated with increased risk of hospitalisation for gastroenteritis.  

 

In the adjusted model for non-Aboriginal children, male gender, singleton birth, maternal age 

less than 35 years, birth to multiparous women, pre-term birth less than 37 weeks, low birth 

weight, non-vaginal birth, socio-economic disadvantage, residence in non-metropolitan 

regions of Western Australia and birth in the pre-rotavirus vaccine era were significant 

independent risk factors for gastroenteritis hospitalisation (Table 7.4). Among non-Aboriginal 

children, those born at gestational age of less than 33 weeks had 2.1 times (95% CI: 1.9, 2.4) 

the risk of hospitalisation for gastroenteritis compared to those born ≥37 weeks of gestation; 

those born to mothers aged less than 20 years had nearly twice the risk of hospitalisation 

compared to those born to mothers aged more than 35 years, and those born by caesarean 

section had 1.2 times the risk of hospitalisation compared to those born by vaginal delivery.  

 

The adjusted models showed that Aboriginal and non-Aboriginal children born in the rotavirus 

vaccine era had less than half the risk of hospitalisation for gastroenteritis compared to those 

born in the pre-vaccine era (Tables 7.3 and 7.4). Reported maternal smoking at birth was not 

associated with risk of hospitalisation for gastroenteritis in either Aboriginal or non-Aboriginal 

children after adjustment for other factors. Sensitivity analyses did not exhibit any change in 

the direction of the effect size and the aHR estimates obtained were all within the 95% CI 

range quoted in the original analyses (Tables 7.5-7.8). 
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Table 7.3 Univariate and adjusted hazard ratios (aHR) and adjusted population attributable 
fractions (PAFs) for risk factors for gastroenteritis hospitalisation in Aboriginal children in 
Western Australia (2000-2014) 

Risk factors Univariatea  Adjusted  Adjusted 
HR 95% CI  aHR 95% CI  PAF% 95% CI 

Baby gender         
Female Ref        
Male 
 

1.12 1.04, 1.20  1.12  1.03, 1.22  5.80 1.64, 9.78 

Maternal age         
<20 years 1.19 1.05, 1.33  1.34  1.12, 1.60  6.03 2.82, 9.14 
20-24 years 1.07 0.95, 1.20  1.18  1.02, 1.37  4.99 0.91, 8.90 
25-29 years 1.00 0.88, 1.13  1.09  0.94, 1.27  2.05 -1.24, 5.22 
30-34 years Ref        
≥35 years 
 

1.06 0.89, 1.25  1.22 1.00, 1.48  1.32 0.10, 2.53 

Maternal smoking during pregnancy     
No Ref        
Yes 
 

1.14 1.06, 1.22  1.00  0.91, 1.09  0.20 -4.76, 4.17 

Number of previous pregnancies       
0 1.13 1.01, 1.25  1.05 0.91, 1.21  1.01 -1.91, 3.84 
1 Ref        
≥2 
 

1.05 0.96, 1.15  1.11 0.99, 1.26  5.94 -0.68, 12.13 

Gestational age         
≥37 weeks Ref        
35-36 weeks 1.27 1.12, 1.42  1.26  1.09, 1.45  2.10 0.91, 3.28 
33-34 weeks 1.17 0.96, 1.42  1.16  0.92, 1.47  0.51 -0.23, 1.24 
<33 weeks 
 

1.22 1.01, 1.47  1.34  1.07, 1.68  1.03 0.35, 1.71 

Mode of delivery         
Vaginal Ref        
Instrumentation 0.98 0.85, 1.13  1.06 0.89, 1.26  0.40 -0.76, 1.55 
Elective caesarean 0.96 0.84, 1.09  1.06 0.90, 1.24  0.48 -0.79, 1.73 
Emergency 
caesarean 
 

1.14 1.03, 1.26  1.08 0.95, 1.23  1.04 -0.64, 2.68 

Plurality         
Singleton Ref        
Multiple birth 
 

 1.24  1.01, 1.52  1.18  0.92, 1.51  5.28 -0.20, 1.25 

Proportion of optimal birth weight       
High ≥115% Ref        
Normal 85-114% 0.98 0.85, 1.14  1.10 0.92, 1.31  5.92 -5.16, 15.83 
Low <85% 
 

1.28 1.10, 1.50  1.31  1.08, 1.58  6.57 2.41, 10.56 

Season of birth         
Winter Ref        
Spring 1.06 0.95, 1.17  1.04 0.91, 1.17  0.79 -2.02, 3.51 
Summer 1.11 1.00, 1.22  1.04 0.92, 1.18  1.01 -2.01, 3.93 
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Risk factors Univariatea  Adjusted  Adjusted 
HR 95% CI  aHR 95% CI  PAF% 95% CI 

Autumn 
 

1.13 1.03, 1.25  1.06 0.94, 1.19  1.49 -1.74, 4.62 

SEIFA Index of Advantage and disadvantage     
0-10% (most 
disadvantaged) 

1.40 1.05, 1.86  1.27 0.96, 1.69  8.14 -0.75, 16.25 

11-25% 1.11 0.83, 1.48  1.24 0.93, 1.65  4.68 -1.02, 10.06 
26-75% 0.99 0.74, 1.32  1.24 0.93, 1.63  6.60 -1.60, 14.14 
76-90% Ref        
91-100% (least 
disadvantaged) 
 

1.00 0.53, 1.89  1.25 0.67, 2.35  0.12 -0.17, 0.40 

Accessibility/remoteness Index of Australia     
Major cities Ref        
Inner regional 1.01 0.82, 1.24  1.00  0.81, 1.23  0.01 -1.08, 1.04 
Outer regional 1.71 1.51, 1.94  1.73  1.52, 1.97  8.01 6.55, 9.44 
Remote 1.67 1.47, 1.89  1.69  1.48, 1.93  7.29 5.87, 8.69 
Very remote 
 

3.29 2.95, 3.66  3.18  2.83, 3.58  22.04 20.86, 23.21 

Born on/after 1 May 2007          
Yes Ref        
No 2.11b 1.95, 2.28  2.04  1.85, 2.26  37.73 34.02, 41.22 

HR - Unadjusted hazard ratio  
aHR - Adjusted hazard ratio  
PAF - population attributable fraction 
CI: Confidence interval 
a All adjusted for year of birth  
b Not adjusted for year of birth 
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Table 7.4 Univariate and adjusted hazard ratios (aHR) and adjusted population attributable 
fractions (PAFs) for risk factors for gastroenteritis hospitalisation in non-Aboriginal children 
in Western Australia (2000-2014) 

Risk factors Univariatea  Adjusted  Adjusted 
HR 95% CI  aHR 95% CI  PAF% 95% CI 

Baby gender         
Female Ref        
Male 
 

1.11 1.07, 1.16  1.11  1.07, 1.16  5.37 3.32, 7.38 

Maternal age         
<20 years 1.99 1.83, 2.18  1.97  1.77, 2.19  3.12 2.78, 3.46 
20-24 years 1.57 1.48, 1.68  1.54  1.43, 1.67  6.60 5.68, 7.52 
25-29 years 1.27 1.20, 1.35  1.28  1.19, 1.36  6.40 4.83, 7.94 
30-34 years 1.08 1.02, 1.15  1.10  1.03, 1.17  2.60 0.84, 4.33 
≥35 years 
 

Ref        

Maternal smoking during pregnancy     
No Ref        
Yes 
 

1.16 1.10, 1.22  1.00  0.94, 1.05  0.09 -1.12, 0.94 

Number of previous pregnancies      
0 Ref        
1 0.94 0.89, 0.98  1.03 0.97, 1.09  0.89 -0.80, 2.53 
≥2 
 0.93 0.89, 0.98 

 1.06 1.01, 1.13  2.30 0.24, 4.33 

Gestational age         
≥37 weeks Ref        
35-36 weeks 1.26 1.17, 1.37  1.30  1.19, 1.43  1.49 1.06, 1.92 
33-34 weeks 1.41 1.24, 1.60  1.39  1.20, 1.61  0.61 0.38, 0.84 
<33 weeks 
 

2.03 1.80, 2.29  2.13  1.86, 2.43  1.48 1.31, 1.66 

Mode of delivery         
Vaginal Ref        
Instrumentation 1.07 1.01, 1.13  1.13  1.06, 1.21  1.61 0.81, 2.42 
Elective 
caesarean 

1.06 1.01, 1.12  1.19  1.12, 1.26  2.83 1.94, 3.71 

Emergency 
caesarean 
 

1.24 1.18, 1.31  1.23  1.15, 1.31  2.94 2.13, 3.74 

Plurality         
Singleton 0.95 0.85, 1.05  1.20 1.06, 1.36  16.18 5.57, 25.60 
Multiple birth 
 

Ref        

Proportion of optimal birth weight     
High ≥115% Ref        
Normal 85-114% 1.02 0.95, 1.09  1.08  1.01, 1.17  5.93 0.60, 10.97 
Low <85% 
 

1.21 1.11, 1.31  1.23  1.12, 1.35  2.55 1.54, 3.54 

Season of birth         
Winter 1.02 0.96, 1.07  1.03 0.97, 1.09  0.76 -0.66, 2.16 
Spring 1.00 0.95, 1.06  1.03 0.97, 1.10  0.79 -0.61, 2.17 
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Risk factors Univariatea  Adjusted  Adjusted 
HR 95% CI  aHR 95% CI  PAF% 95% CI 

Summer 1.04 0.98, 1.09  1.03 0.97, 1.09  0.67 -0.76, 2.08 
Autumn 
 

Ref        

SEIFA Index of Advantage and disadvantage     
0-10% (most 
disadvantaged) 

1.73 1.56, 1.92  1.54  1.37, 1.73  3.56 2.80, 4.32 

11-25% 1.70 1.55, 1.86  1.56  1.40, 1.73  6.68 5.42, 7.92 
26-75% 1.43 1.31, 1.56  1.36  1.24, 1.50  13.56 9.89, 17.09 
76-90% 1.26 1.15, 1.39  1.28  1.15, 1.42  3.21 2.01, 4.40 
91-100% (least 
disadvantaged) 
 

Ref        

Accessibility/remoteness Index of Australia     
Major cities Ref        
Inner regional 1.17 1.10, 1.25  1.09  1.02, 1.16  1.05 0.29, 1.80 
Outer regional 1.46 1.37, 1.55  1.39  1.30, 1.49  3.19 2.63, 3.74 
Remote 1.24 1.12, 1.36  1.22  1.10, 1.36  0.77 0.41, 1.12 
Very remote 
 

1.47 1.24, 1.73  1.43 1.20, 1.72  0.41 0.24, 0.58 

Born on/after 1 May 2007         
Yes Ref        
No 2.08b 1.99, 2.17  2.09 1.99, 2.19  39.24 37.43, 41.00 

HR - Unadjusted hazard ratio  
aHR - Adjusted hazard ratio  
PAF - population attributable fraction 
CI: Confidence interval 
a All adjusted for year of birth  
b Not adjusted for year of birth 
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Table 7.5 Adjusted hazard ratios (aHR) for risk factors for gastroenteritis hospitalisation in 
Aboriginal children in Western Australia (2000-2014) 

Risk factors 

Gastroenteritis-related ICD-
10AM codes identified in 

both principal and 
secondary diagnoses 

Gastroenteritis-related 
ICD-10AM codes 

identified in principal 
diagnoses only 

aHR 95% CI aHR 95% CI 
Baby gender     

Female Ref    
Male 
 

1.11 1.03, 1.19 1.12 1.03, 1.22 

Maternal age     
<20 years 1.42 1.22, 1.66 1.34 1.12, 1.60 
20-24 years 1.19 1.04, 1.35 1.18 1.02, 1.37 
25-29 years 1.10 0.97, 1.25 1.09 0.94, 1.27 
30-34 years Ref    
≥35 years 
 

1.13 0.95, 1.35 1.22 1.00, 1.48 

Maternal smoking during pregnancy     
No Ref    
Yes 
 

0.94 0.87, 1.01 1.00 0.91, 1.09 

Number of previous pregnancies     
0 1.02 0.90, 1.16 1.05 0.91, 1.21 
1 Ref    
≥2 
 

1.22 1.09, 1.36 1.11 0.99, 1.26 

Gestational age     
≥37 weeks Ref    
35-36 weeks 1.30 1.15, 1.48 1.26 1.09, 1.45 
33-34 weeks 1.21 0.98, 1.48 1.16 0.92, 1.47 
<33 weeks 
 

1.67 1.39, 2.01 1.34 1.07, 1.68 

Mode of delivery     
Vaginal Ref    
Instrumentation 1.06 0.91, 1.23 1.06 0.89, 1.26 
Elective caesarean 1.08 0.94, 1.25 1.06 0.90, 1.24 
Emergency caesarean 
 

1.09 0.97, 1.22 1.08 0.95, 1.23 

Plurality     
Singleton Ref    
Multiple birth 
 

1.08 0.87, 1.35 1.18 0.92, 1.51 

Proportion of optimal birth weight     
High ≥115% Ref    
Normal 85-114% 1.11 0.95, 1.30 1.10 0.92, 1.31 
Low <85% 
 

1.35 1.14, 1.59 1.31 1.08, 1.58 

Season of birth     
Winter Ref    
Spring 1.00 0.89, 1.10 1.04 0.91, 1.17 
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Risk factors 

Gastroenteritis-related ICD-
10AM codes identified in 

both principal and 
secondary diagnoses 

Gastroenteritis-related 
ICD-10AM codes 

identified in principal 
diagnoses only 

aHR 95% CI aHR 95% CI 
Summer 1.01 0.90, 1.12 1.04 0.92, 1.18 
Autumn 
 

1.05 0.95, 1.16 1.06 0.94, 1.19 

SEIFA Index of Advantage and disadvantage   
0-10% (most disadvantaged) 1.26 0.99, 1.61 1.27 0.96, 1.69 
11-25% 1.21 0.94, 1.55 1.24 0.93, 1.65 
26-75% 1.18 0.92, 1.50 1.24 0.93, 1.63 
76-90% Ref    
91-100% (least disadvantaged) 
 

1.23 0.71, 2.11 1.25 0.67, 2.35 

Accessibility/remoteness Index of Australia   
Major cities Ref    
Inner regional 0.92 0.76, 1.11 1.00 0.81, 1.23 
Outer regional 1.58 1.40, 1.77 1.73 1.52, 1.97 
Remote 1.70 1.52, 1.91 1.69 1.48, 1.93 
Very remote 
 

3.33 3.01, 3.68 3.18 2.83, 3.58 

Born on/after 1 May 2007      
Yes Ref    
No 1.87 1.72, 2.04 2.04 1.85, 2.26 

aHR: Adjusted hazard ratio 
CI: Confidence interval 
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Table 7.6 Adjusted hazard ratios (aHR) for risk factors for gastroenteritis hospitalisation in 
non-Aboriginal children in Western Australia (2000-2014) 

Risk factors 

Gastroenteritis-related 
ICD-10AM codes identified 

in both principal and 
secondary diagnoses 

Gastroenteritis-related 
ICD-10AM codes 

identified in principal 
diagnoses only 

aHR 95% CI PAF% 95% CI 

Baby gender     
Female Ref    
Male 
 

1.13 1.09, 1.18 1.11 1.07, 1.16 

Maternal age     
<20 years 1.96 1.78, 2.16 1.97 1.77, 2.19 
20-24 years 1.53 1.42, 1.64 1.54 1.43, 1.67 
25-29 years 1.26 1.18, 1.34 1.28 1.19, 1.36 
30-34 years 1.07 1.01, 1.13 1.10 1.03, 1.17 
≥35 years 
 

Ref    

Maternal smoking during pregnancy     
No Ref    
Yes 
 

0.99 0.93, 1.04 1.00 0.94, 1.05 

Number of previous pregnancies     
0 Ref    
1 1.06 1.01, 1.11 1.03 0.97, 1.09 
≥2 
 

1.12 1.06, 1.18 1.06 1.01, 1.13 

Gestational age     
≥37 weeks Ref    
35-36 weeks 1.34 1.24, 1.45 1.30 1.19, 1.43 
33-34 weeks 1.39 1.22, 1.59 1.39 1.20, 1.61 
<33 weeks 
 

2.36 2.10, 2.65 2.13 1.86, 2.43 

Mode of delivery     
Vaginal Ref    
Instrumentation 1.12 1.05, 1.19 1.13 1.06, 1.21 
Elective caesarean 1.18 1.12, 1.25 1.19 1.12, 1.26 
Emergency caesarean 
 

1.21 1.14, 1.28 1.23 1.15, 1.31 

Plurality     
Singleton 1.17 1.05, 1.32 1.20 1.06, 1.36 
Multiple birth 
 

Ref    

Proportion of optimal birth weight     
High ≥115% Ref    
Normal 85-114% 1.07 1.00, 1.14 1.08 1.01, 1.17 
Low <85% 
 

1.24 1.14, 1.35 1.23 1.12, 1.35 

Season of birth     
Winter 1.01 0.96, 1.06 1.03 0.97, 1.09 
Spring 1.01 0.96, 1.07 1.03 0.97, 1.10 
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Risk factors 

Gastroenteritis-related 
ICD-10AM codes identified 

in both principal and 
secondary diagnoses 

Gastroenteritis-related 
ICD-10AM codes 

identified in principal 
diagnoses only 

aHR 95% CI PAF% 95% CI 

Summer 1.02 0.96, 1.07 1.03 0.97, 1.09 
Autumn 
 

Ref    

SEIFA Index of Advantage and 
disadvantage 

    

0-10% (most disadvantaged) 1.50 1.35, 1.67 1.54 1.37, 1.73 
11-25% 1.54 1.40, 1.69 1.56 1.40, 1.73 
26-75% 1.35 1.23, 1.47 1.36 1.24, 1.50 
76-90% 1.25 1.13, 1.37 1.28 1.15, 1.42 
91-100% (least disadvantaged) 
 

Ref    

Accessibility/remoteness Index of Australia     
Major cities Ref    
Inner regional 1.05 0.99, 1.12 1.09 1.02, 1.16 
Outer regional 1.34 1.26, 1.43 1.39 1.30, 1.49 
Remote 1.25 1.13, 1.37 1.22 1.10, 1.36 
Very remote 
 

1.43 1.21, 1.69 1.43 1.20, 1.72 

Born on/after 1 May 2007     
Yes Ref    
No 1.89 1.81, 1.98 2.09 1.99, 2.19 

aHR: Adjusted hazard ratio 
PAF - population attributable fraction 
CI: Confidence interval 
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Table 7.7 Adjusted hazard ratios (aHR) for risk factors associated with gastroenteritis 
hospitalisation in Aboriginal children in Western Australia – comparison of aHR estimates in 
children born 2000-2012 to children born in rotavirus vaccine era (2007-2012) 

Risk factors Born ’07-‘12 Born ’00-‘12 
aHR 95% CI aHR 95% CI 

Baby gender     
Female Ref    
Male 1.10 0.93, 1.31 1.12  1.03, 1.22 
     

Maternal age     
<20 years 1.10 0.77, 1.55 1.34  1.12, 1.60 
20-24 years 0.90 0.68, 1.19 1.18  1.02, 1.37 
25-29 years 1.02 0.78, 1.34 1.09  0.94, 1.27 
30-34 years Ref    
≥35 years 0.87 0.60, 1.26 1.22 1.00, 1.48 
     

Maternal smoking during pregnancy     
No Ref    
Yes 1.10 0.92, 1.30 1.00  0.91, 1.09 
     

Number of previous pregnancies     
0 1.03 0.78, 1.37 1.05 0.91, 1.21 
1 Ref    
≥2 1.06 0.83, 1.36 1.11 0.99, 1.26 
     

Gestational age     
≥37 weeks Ref    
35-36 weeks 1.28 0.98, 1.68 1.26  1.09, 1.45 
33-34 weeks 0.70 0.40, 1.22 1.16  0.92, 1.47 
<33 weeks 1.27 0.81, 1.97 1.34  1.07, 1.68 
     

Mode of delivery     
Vaginal Ref    
Instrumentation 1.05 0.76, 1.44 1.06 0.89, 1.26 
Elective caesarean 1.02 0.75, 1.40 1.06 0.90, 1.24 
Emergency caesarean 1.05 0.82, 1.33 1.08 0.95, 1.23 
     

Plurality     
Singleton Ref    
Multiple birth 1.34 0.84, 2.16 1.18  0.92, 1.51 
     

Proportion of optimal birth weight     
High ≥115% Ref    
Normal 85-114% 1.20 0.83, 1.72 1.10 0.92, 1.31 
Low <85% 1.42 0.97, 2.10 1.31  1.08, 1.58 
     

Season of birth     
Winter Ref    
Spring 1.23 0.97, 1.56 1.04 0.91, 1.17 
Summer 1.10 0.86, 1.40 1.04 0.92, 1.18 
Autumn 1.13 0.89, 1.43 1.06 0.94, 1.19 
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Risk factors Born ’07-‘12 Born ’00-‘12 
aHR 95% CI aHR 95% CI 

SEIFA Index of Advantage and disadvantage     
0-10% (most disadvantaged) 1.33 0.80, 2.21 1.27 0.96, 1.69 
11-25% 1.40 0.84, 2.32 1.24 0.93, 1.65 
26-75% 1.40 0.85, 2.31 1.24 0.93, 1.63 
76-90% Ref    
91-100% (least disadvantaged) 1.71 0.67, 4.36 1.25 0.67, 2.35 
     

Accessibility/remoteness Index of Australia     
Major cities Ref    
Inner regional 0.91 0.58, 0.91 1.00  0.81, 1.23 
Outer regional 1.69 1.28, 1.69 1.73  1.52, 1.97 
Remote 2.45 1.91, 2.45 1.69  1.48, 1.93 
Very remote 4.08 3.22, 4.08 3.18  2.83, 3.58 
     

Born on/after 1 May 2007      
Yes Ref    
No   2.04  1.85, 2.26 

aHR: Adjusted hazard ratio 
CI: Confidence interval 
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Table 7.8 Adjusted hazard ratios (aHR) for risk factors associated with gastroenteritis 
hospitalisation in non-Aboriginal children in Western Australia – comparison of aHR 
estimates in children born 2000-2012 to children born in rotavirus vaccine era (2007-2012) 

Risk factors Born ’07-‘12 Born ’00-‘12 
aHR 95% CI 95% CI aHR 

Baby gender     
Female Ref    
Male 1.02 0.94, 1.11 1.11 1.07, 1.16 
     

Maternal age     
<20 years 2.51 2.04, 3.10 1.97 1.77, 2.19 
20-24 years 1.70 1.47, 1.97 1.54 1.43, 1.67 
25-29 years 1.32 1.16, 1.50 1.28 1.19, 1.36 
30-34 years 1.10 0.96, 1.25 1.10 1.03, 1.17 
≥35 years Ref    
     

Maternal smoking during pregnancy     
No Ref    
Yes 1.06 0.93, 1.20 1.00 0.94, 1.05 
     

Number of previous pregnancies     
0 Ref    
1 1.13 1.01, 1.27 1.03 0.97, 1.09 
≥2 1.20 1.07, 1.35 1.06 1.01, 1.13 
     

Gestational age     
≥37 weeks Ref    
35-36 weeks 1.35 1.13, 1.61 1.30 1.19, 1.43 
33-34 weeks 2.06 1.62, 2.62 1.39 1.20, 1.61 
<33 weeks 2.64 2.09, 3.34 2.13 1.86, 2.43 
     

Mode of delivery     
Vaginal Ref    
Instrumentation 0.97 0.85, 1.11 1.13 1.06, 1.21 
Elective caesarean 1.16 1.03, 1.31 1.19 1.12, 1.26 
Emergency caesarean 1.22 1.09, 1.38 1.23 1.15, 1.31 
     

Plurality     
Singleton 1.58 1.21, 2.06 1.20 1.06, 1.36 
Multiple birth Ref    
     

Proportion of optimal birth weight     
High ≥115% Ref    
Normal 85-114% 1.10 0.95, 1.28 1.08 1.01, 1.17 
Low <85% 1.35 1.13, 1.62 1.23 1.12, 1.35 
     

Season of birth     
Winter 0.99 0.88, 1.11 1.03 0.97, 1.09 
Spring 1.07 0.95, 1.20 1.03 0.97, 1.10 
Summer 1.01 0.89, 1.14 1.03 0.97, 1.09 
Autumn Ref    
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Risk factors Born ’07-‘12 Born ’00-‘12 
aHR 95% CI 95% CI aHR 

     
SEIFA Index of Advantage and disadvantage     

0-10% (most disadvantaged) 1.73 1.35, 2.21 1.54 1.37, 1.73 
11-25% 1.62 1.30, 2.03 1.56 1.40, 1.73 
26-75% 1.48 1.20, 1.82 1.36 1.24, 1.50 
76-90% 1.45 1.16, 1.81 1.28 1.15, 1.42 
91-100% (least disadvantaged) Ref    
     

Accessibility/remoteness Index of Australia     
Major cities Ref    
Inner regional 1.17 1.03, 1.32 1.09 1.02, 1.16 
Outer regional 1.15 0.98, 1.34 1.39 1.30, 1.49 
Remote 1.24 0.99, 1.55 1.22 1.10, 1.36 
Very remote 1.61 1.14, 2.26 1.43 1.20, 1.72 
     

Born on/after 1 May 2007     
Yes Ref    
No   2.09 1.99, 2.19 

aHR: Adjusted hazard ratio 
CI: Confidence interval 

 

The combined PAFs for Aboriginal children (81.3% [95% CI: 73.0, 87.0]) and non-Aboriginal 

children (79.1% (95% CI: 74.8, 82.6)), indicate that the risk factors included in the models 

account for most of the hospitalisations for gastroenteritis. Adjusting for all other risk factors, 

birth in the pre-rotavirus vaccine era accounted for the highest PAFs in both Aboriginal (37.7% 

[95% CI: 34.0, 41.2]) and non-Aboriginal (39.2% [95% CI: 37.4, 41.0]) children (Tables 7.3 and 

7.4).  

 

7.5 Discussion 

This population-based study provides comprehensive data on the association between 

perinatal risk factors and gastroenteritis hospitalisations in an Australian cohort separately for 

Aboriginal and non-Aboriginal children. To our knowledge, this is the first study to report on 

PAFs associated with perinatal risk factors for gastroenteritis hospitalisations. Although not all 

the risk factors in our study are preventable or even modifiable, these data highlight areas 

where appropriate interventions could be put in place to prevent gastroenteritis.  
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Gastroenteritis continues to be a cause of health disparity between Aboriginal and non-

Aboriginal children with hospitalisation rates nearly 5 times higher among Aboriginal than in 

non-Aboriginal children with significantly higher rates among children aged less than 2 years 

than in older age groups. This is consistent with earlier studies in Western Australia that have 

shown rates of hospitalisation for gastroenteritis to be highest in very young children with 

Aboriginal children experiencing a greater burden than their non-Aboriginal counterparts 

across all age groups.172-174  

 

Globally, prior to the introduction of the rotavirus vaccine, nearly 39% of all gastroenteritis 

hospitalisations were attributable to rotavirus infection.9 In our study gastroenteritis 

hospitalisation risk was reduced by more than 50% among Aboriginal and non-Aboriginal 

children who were eligible for rotavirus vaccination. It is likely that a significant part of the 

reduction in all-cause gastroenteritis hospitalisations is attributable to vaccination, although it 

should be noted that hospitalisations were declining even before vaccine introduction. The 

role of rotavirus vaccine in preventing gastroenteritis is further underlined by the fact that the 

highest PAFs in both Aboriginal and non-Aboriginal children were for children born in the pre-

rotavirus vaccine era suggesting that up to 39% of all gastroenteritis hospitalisations in the 

population could be averted if all children receive rotavirus vaccine.  

 

Non-Aboriginal children born to mothers aged less than 20 years old had nearly twice the risk 

of being hospitalised for gastroenteritis compared to children born to mothers aged ≥35 years 

old. An association between young maternal age and poor child health outcomes (including 

increased likelihood of hospitalisation for infection) has been documented previously but 

whether this association is due to a biological causal mechanism or is confounded by 

socioeconomic status is uncertain.175,176 Although we have attempted to adjust for 

socioeconomic status in our study, we cannot exclude residual confounding by social and life-



 

135 

 

style factors such as living arrangements. For example, teenage mothers may be more likely to 

reside in multigenerational households with increased chance of exposure of their children to 

infection. Aboriginal children born to teenage mothers had 1.3 times higher risk of 

hospitalisation than children born to mothers aged ≥30 years. This highlights the importance 

of health promotion campaigns to create awareness about the risks associated with teenage 

pregnancies. 

 

Delivery by caesarean section delays the early colonisation of the gut by ‘beneficial’ bacteria 

like Bacteroides, Lactobacillus and Bifidobacterium spp. after birth, which plays a role in the 

postnatal maturation and development of the immune system.177 Consistent with this, vaginal 

birth was associated with decreased risk of hospitalisation for gastroenteritis in non-

Aboriginal children. Although there was no significant association between mode of delivery 

and gastroenteritis hospitalisation among Aboriginal children in the adjusted model, there 

was substantial overlap in the confidence intervals for these effects indicating that this 

difference could be due to the much smaller numbers of caesareans births among Aboriginal 

mothers (Table 7.1). Nevertheless, the increased risk for gastroenteritis hospitalisation in 

children born by elective caesarean should be taken into consideration by parents and 

healthcare providers when deciding on delivery options.   

 

Gestational age less than 33 weeks and low birth weight were independent risk factors for 

hospitalisation for gastroenteritis among both Aboriginal and non-Aboriginal children, 

consistent with studies in Australia and the United States that have demonstrated decreasing 

gestational age and low birth weight as risk factors for gastroenteritis-related 

hospitalisations.6,8 Factors such as increased permeability of immature gut epithelium leading 

to easy invasion by pathogens, delayed intestinal colonisation by beneficial bacteria and 

immature/altered immune function in preterm and/or low birth weight children may 
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contribute to a sustained increase in risk of gastroenteritis hospitalisation in these children.178-

180 Rotavirus vaccines have been shown to be safe, immunogenic and efficacious in preterm 

children.181-183 In light of this, mothers with low birth weight or pre-term babies should be 

targeted for health promotion (including targeted promotion of immunisation) by healthcare 

providers.  

 

A systematic study has shown that the association between socio-economic status and 

gastrointestinal infection in high-income countries is unclear and varies across pathogens.184 

In our study, hospitalisation risk decreased with increasing levels of socio-economic advantage 

in non-Aboriginal children, with children in the most disadvantaged group having 1.5 times 

the risk compared to children in the most advantaged group. There was no evidence that 

socio-economic disparity has an independent effect on risk among Aboriginal children. Only 

4% of Aboriginal children (compared to 26% of non-Aboriginal children) resided in the upper 

two quantiles of the IRSAD, so we may have been under-powered to demonstrate a significant 

effect of socio-economic status among Aboriginal children. The risk of gastroenteritis was 

threefold for Aboriginal children living in the very remote regions of Western Australia and the 

associated PAF was 22%. This highlights the high proportion of gastroenteritis hospitalisations 

that could potentially be prevented by improving access to primary health services in this 

population. 

 

The strength of this study is that it is based on a large comprehensive population-based cohort 

using health administrative datasets of individual records that have been validated for 

accuracy.185 The perinatal characteristics and risk factors were available for the whole cohort 

and not just for the children who were hospitalised. Also, since we have reliable data on 

Aboriginal status, we were able to compare hospitalisation rates and risk factors between 

Aboriginal and non-Aboriginal children.146  
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Our study has some limitations. The total burden of gastroenteritis in the community has not 

been ascertained in this study. Most episodes of gastroenteritis are managed at home or 

through out-patient facilities without warranting hospital admission. Since we did not include 

primary care data, we only captured the severe end of the clinical spectrum – gastroenteritis 

requiring hospitalisation. Thus, the PAFs reported here apply to gastroenteritis 

hospitalisations only, and may not apply to the total burden of gastroenteritis. Also, the 

incidence of gastroenteritis hospitalisation in the cohort might be underestimated - only 

hospital records which had a gastroenteritis-specific ICD-10 diagnosis code listed in the 

principal diagnosis were selected for analysis. This is because we conservatively assumed 

gastroenteritis to be the primary reason for hospitalisation only if it was the first coded 

diagnosis.  

 

We lacked information about breastfeeding, day care attendance, living conditions and more 

direct measures of socioeconomic status (like household income) which have been shown 

elsewhere to be risk factors.6,186 Also, the risk factors for gastroenteritis hospitalisation might 

differ depending upon the microbial pathogen causing the episode of gastroenteritis. We 

would need to link laboratory pathology results for enteric pathogens to hospital records to 

measure pathogen-specific burden of disease and determine pathogen-specific risk factors; 

this will form the focus of our future analyses.  

 

In conclusion, the findings of this study highlight the perinatal factors associated with 

increased risk of gastroenteritis hospitalisations and the continued burden of gastroenteritis 

in children in Western Australia. The beneficial effect of infant rotavirus vaccination in 

preventing gastroenteritis hospitalisation is evident. Some of the risk factors identified in our 

study have been shown to have sub-optimal levels of rotavirus vaccine uptake in certain 

settings.187,188 Therefore, although rotavirus vaccination is universal in Western Australia, 
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efforts should be taken to optimise rotavirus vaccine coverage (including text messaging 

reminders for immunisation), in particular among high risk population groups identified by the 

PAFs in this study, namely Aboriginal children, young mothers, pre-term and low birth weight 

infants, those delivered by surgical methods and those residing in remote regions of Western 

Australia. 
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8.1 Preamble 

Chapter 7 reported on the perinatal risk factors associated with increased risk of 

gastroenteritis hospitalisations in children. The population attributable fraction estimates 

suggested that up to 39% of all gastroenteritis hospitalisations in the population could be 

averted if all children receive rotavirus vaccine. A nationally funded rotavirus vaccination 

program has been in place in Australia since mid-2007. Addressing aim 3 of this thesis, this 

chapter summarises the results assessing the timeliness of rotavirus vaccine uptake among 

Aboriginal and non-Aboriginal children and identify factors associated with receipt of rotavirus 

vaccine. As this study used data from the ACIR linkage project, which was a cross-jurisdictional 

study as described in Chapter 4 (Section 4.7), the results presented here are for both Western 

Australia and New South Wales. 

 

These results have been published in the Vaccine - ‘Fathima P, Gidding HF, Snelling TL, 

McIntyre PB, Blyth CC, Sheridan S, Liu B, de Klerk N, Moore HC. Timeliness and factors 

associated with rotavirus vaccine uptake among Australian Aboriginal and non-Aboriginal 

children: A record linkage cohort study. Vaccine. 2019 Sep 16;37(39):5835-43. doi: 

10.1016/j.vaccine.2019.08.013. I collated and cleaned the data, conducted all analyses and 

wrote the first draft of the manuscript. A copy of the published paper and the contributions of 

all co-authors on this manuscript are listed in Appendix 3. The published manuscript is 

presented here in its entirety with some exclusions – details regarding the background, study 

setting and methodology already presented in the previous chapters have been omitted from 

Sections 8.3 and 8.4 to minimise duplication.  

 

8.2 Introduction 

Immunisation is one of the most effective public health measures for prevention of childhood 

morbidity and mortality.189 Despite increasing vaccination coverage, there is marked variation 
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in age-appropriate vaccination coverage worldwide, which increases the risk period for 

infection.190 Also, delay in  vaccination are of special importance in populations at higher risk  

of vaccine preventable diseases.191,192 A number of factors (higher birth order, low maternal 

education, low socio-economic status, parental attitudes/knowledge towards vaccines, 

cultural preferences and the robustness of the health care system) have been associated with 

incomplete or delayed vaccination with combined diphtheria-tetanus-acellular pertussis 

(DTPa) vaccine.191,193 Also, delayed and/or incomplete vaccination is more common among 

Indigenous children in high income countries.188,194,195 For example, at 12 months of age, 

91.3% of Australian non-Aboriginal children but only 79.3% of Australian Aboriginal children 

had received the third dose (scheduled at 6 months of age) of DTPa vaccine; and of these, on-

time vaccination (within 30 days of the due date) was 76.7% among non-Aboriginal children 

compared to only 61.0% among Aboriginal children.194 

 

Uptake of rotavirus vaccine by 12 months of age has been consistently lower than other 

vaccines with the same administration (2, 4 and 6 months of age) schedule (e.g. DTPa),196 but 

rotavirus vaccination coverage by dose prior to 12 months of age has not been assessed. Also, 

information about the impact of the restricted upper age limit for rotavirus vaccine 

administration on uptake is sparse.197 Using data from a population-level cohort of children 

born in New South Wales and Western Australia with individual-level birth and perinatal data 

linked to their immunisation records, we aimed to report on timeliness of rotavirus vaccine 

uptake among Aboriginal and non-Aboriginal children, compare cumulative rotavirus 

vaccination coverage to age 12 months with DTPa, and assess factors associated with receipt 

of rotavirus vaccine.  
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8.3 Methods 

8.3.1 Study design and study setting  

We conducted a retrospective cohort study using record linkage of administrative health 

datasets whereby immunisation records for rotavirus vaccine were probabilistically linked to 

birth and perinatal records for a cohort of children born in New South Wales and Western 

Australia. This study was conducted as part of a larger study of childhood vaccines 

administered through the NIP in Australia – the full details of which are provided elsewhere.144  

 

8.3.2 Study population and data sources 

To reflect the introduction of rotavirus vaccination in the NIP, the cohort for this study 

comprised all singleton infants live-born in New South Wales and Western Australia between 

May 2007 and December 2012. The study cohort was identified through the perinatal data 

collections and the Birth and Death Registries in both states.144 Only those infants who had 

records in both the perinatal and birth registry datasets were included in the study.  

  

Details on how the Australian Immunisation Register (AIR), formerly known as the Australian 

Childhood Immunisation Register, records were probabilistically linked to the cohort (by the 

Australian Institute of Health and Welfare) and cleaned have been provided elsewhere.144 We 

identified immunisation records, up to December 2013, for rotavirus vaccines (RV1 and RV5) 

and DTPa vaccines included in the NIP. Immunisation records that did not link to the infants in 

the birth cohort and infants whose immunisation date preceded their date of birth were 

excluded (Figure 8.1). 

 

8.3.3 Time windows for on-time vaccine receipt  

The time window for each on-time receipt of the vaccine dose was based on the 

recommended immunisation schedule.198 While the recommended upper age limit was 
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adhered to in each dose window, a ‘4-day grace period’199 was incorporated into the start 

date of each dose window. Thus, for RV1, the first on-time dose window was from 39 days to 

104 days and the second was from 67 days to 174 days. For RV5, the first on-time dose 

window was from 39 days to 90 days, the second from 67 days to 230 days and the third was 

from 95 days to 230 days. Vaccination coverage by 12 months of age was assessed based on 

the ‘last dose assumption’, whereby if the last dose of a vaccine that requires more than one 

dose to complete the series is recorded then the child is deemed to be fully immunised for 

that vaccine irrespective of whether or not the previous dose(s) were recorded.200 

 

8.3.4 Variables of interest 

Parental and infant demographic factors and perinatal factors considered to be associated 

with poor adherence with immunisation schedules and with rotavirus infection were 

examined.191,201-203 Parental risk factors included maternal age, paternal age, mother’s place of 

birth, maternal smoking during pregnancy, number of previous pregnancies (as proxy for 

parity), mode of delivery, socio-economic status and remoteness of residence (Chapter 4, 

Table 4.3).  

 

Infant risk factors included Aboriginal status of the infant; this was identified using an 

algorithm that combined the recorded Aboriginal status for the infant on all the available 

linked datasets in the study, as described previously.146  Other infant-related risk factors 

included sex, state of birth, gestational age, birth weight, Apgar score at 5 minutes, year of 

birth, season of birth and whether hospitalised less than 6 weeks after birth.  
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Figure 8.1 Flow chart showing the derivation of the study cohort and their immunisation records 



146 

 

8.3.5 Statistical analysis 

For each scheduled dose, the proportion of infants with an on-time vaccine was calculated 

using the number of infants with a vaccine dose recorded within the dose window (as 

described above) as the numerator, and the total number of infants in the cohort eligible for 

vaccination at the end of that dose window as the denominator. Infants who died before the 

end of the dose window for each dose were excluded. Since coverage was also assessed at 12 

months of age, infants who had a record for death before their first birthday were excluded 

for all analyses. Coverage estimates by population sub-group for each scheduled dose were 

calculated separately for Aboriginal and non-Aboriginal infants. For all analyses relating to RV5 

dose 3 including coverage estimates, the cohort was restricted to only Western Australian 

births from 1st Jan 2010 onwards (Figure 8.1).   

 

To compare the timing of DTPa and rotavirus vaccination, the cumulative vaccination 

coverage up to 365 days after birth was calculated for the 2nd and 3rd doses of each vaccine. 

Multivariable logistic regression modelling was used to obtain adjusted odds ratios (aOR) with 

95% confidence intervals (CI) for the association between the parental/ infant factors and a) 

receipt of at least one dose of any rotavirus vaccinate ≥39 days of age (not restricted to on-

time doses) and b) receipt of all doses (considered to be fully immunised) of the vaccine 

assessed at 12 months. Only variables (potential risk factors) with a p-value ≤0.2 in univariate 

analyses were included in the multivariable model. Aboriginal and non-Aboriginal infants were 

assessed separately. All analyses were conducted using Stata (version 13.1). 

 

8.3.6 Ethical approvals 

Ethical approvals were received from the State and National Health Ethics Committees, 

Western Australian and New South Wales Aboriginal Health Ethics Committees and the 
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Australian Institute of Health and Welfare Ethics Committee. The assembled linked dataset 

was accessed through the Secure Unified Research Environment.204 

 

8.4 Results 

The cohort for rotavirus vaccination coverage analysis consisted of 681,456 births, (Figure 8.1) 

of whom 34,450 (5.1%) were recorded as being Aboriginal. Of the cohort, 637,019 (93.4%) had 

at least one record for rotavirus vaccination on the AIR and 636,718 of these infants had 

received ≥1 dose of rotavirus vaccine by 12 months of age (Table 8.1). Less than 1% (n=2,596) 

of the vaccinated infants received rotavirus vaccination before the recommended age of 39 

days (Table 8.1). Of the 484,302 infants who had a record for RV1 as their second dose, 10,831 

(1.8%) received their dose beyond the recommended upper age limit of 174 days; and of the 

115,223 infants who had a record for RV5 as their second or third dose, 4,969 (5.0%) received 

it beyond the recommended upper age limit of 230 days (Table 8.1). Approximately 89% of 

the 515,070 infants who received only RV1 and 81% of the 108,456 infants who received only 

RV5 had completed the full vaccine series. 

 

8.4.1 On-time dose uptake 

Among non-Aboriginal infants, on-time rotavirus vaccination uptake has remained consistent 

since 2008 (around 89% for dose 1 and 86% for dose 2). Among Aboriginal infants on-time 

coverage showed a steady increase over the study period to 86% for dose 1 and 80% for dose 

2 in 2012 (Figure 8.2). Vaccine uptake for the first dose was higher than subsequent doses 

among both Aboriginal and non-Aboriginal infants. Vaccine uptake among Aboriginal infants 

was lower than among non-Aboriginal infants for all doses of the vaccine and there was an 

increase in this disparity for each subsequent dose of the vaccine – the absolute difference in 

the proportion vaccinated between non-Aboriginal and Aboriginal infants was 5.9% (95% CI: 
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4.9, 6.9) for dose 1, 10.7% (95% CI: 9.7, 11.6) for dose 2 and 24.0% (95% CI: 22.0, 26.1) for 

dose 3 (Table 8.2). 

 

Table 8.1 Characteristics of children who received ≥1 dose of rotavirus vaccine (2007-2012) 

 Aboriginal Non-Aboriginal Total population 
N=34,450 N=647,004 N=681,456 

 n (%) n (%) n (%) 
Received ≥1 dose of any rotavirus 
vaccine (by 12 months of age) 

30,705 (89.1) 606,013 (93.7) 636,718 (93.4) 

    
Total number of doses received    
    Only RV1  N=24,063 N=491,007 N=515,070 

1 3,959 (16.5) 54,643 (11.1) 58,602 (11.4) 
2 20,079 (83.4) 435,776 (88.8) 455,855 (88.5) 
>2 doses 25 (0.1) 588 (0.1) 613 (0.1) 

     Only RV5 N=5,807 N=102,649 N=108,456 
1 749 (12.9) 4,504 (4.4) 5,253 (4.8) 
2 1,324 (22.8) 13,564 (13.2) 14,888 (13.7) 
3 3,734 (64.3) 84,580 (82.4) 88,314 (81.4) 
>3 doses - <5 (<0.1) <5 (<0.1) 

     Mixed series N=873 N=12,620 N=13,493 
1 - - - 
2 410 (47.0) 5,427 (43.0) 5,837 (43.3) 
3 463 (53.0) 7,178 (56.9) 7,641 (56.63) 
>3 doses 0 15 (0.1%) 15 (0.1) 
    

Age <39 days at dose 1 106 (0.3) 2490 (0.4) 2,596 (0.4) 
    
Age >174 days for RV1* 840 (3.1) 9,991 (1.8) 10,831 (1.8) 
    
Age >230 days for RV5# 435 (9.8) 4,534 (4.8) 4,969 (5.0) 
    
Median age in days (IQR)    
     RV1    

Dose 1 57 (47-65) 56 (46-62) 56 (46-62) 
Dose 2 126 (120-138) 124 (120-132) 125 (120-132) 

     RV5    
Dose 1 63 (58-72) 60 (56-64) 60 (56-65) 
Dose 2 130 (122-145) 125 (120-133) 125 (120-133) 
Dose 3 193 (184-208) 189 (183-201) 189 (183-201) 

Note: Numbers for RV1 and RV5 include children born in both New South Wales and Western 
Australia (2007-2012) 
*denominator: total population=592,737, Aboriginal=26816, non-Aboriginal=565921 
#denominator: total population=99973, Aboriginal=4430, non-Aboriginal=9554 
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Figure 8.2 Proportion of Aboriginal and non-Aboriginal infants with on-time receipt of rotavirus vaccine by dose and year and coverage* assessed at 12 
months 
Cohort for Dose 1 and Dose 2 includes infants born in Western Australia and New South Wales (Jul 2007 – 2012). Cohort for Dose 3 includes only infants born 
in Western Australia (2010-2012).  
*Deemed to be fully vaccinated (2nd dose of RV1 or 3rd dose of RV5) as assessed at 12 months of age 
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Table 8.2 Number and proportion of children who received rotavirus vaccine by dose 
number and assessed at 12 months (2007-2012) 

Scheduled 
dose 

Aboriginal 
N=34,450 

Non-Aboriginal 
N=647,004 

Total population 
N=681,454 

n % (95% CI) n % (95% CI) n % (95% CI) 
On-time doses       
Dose 1 28,318 82.2  

(81.8, 82.6) 
 

569,847 88.1  
(88.0, 88.2) 

598,165 87. 8  
(87.7, 87.9) 

Dose 2 25,893 75.2  
(74.7, 75.6) 

 

555,440 85.9  
(85.8, 85.9) 

581,333 85.3  
(85.2, 85.4) 

Dose3* 2,998 54.3  
(53.0, 55.7) 

67,917 78.4  
(78.1, 78.6) 

70,915 76.9  
(76.6, 77.2) 

       
Assessed at 12 
months¥ 

 

25,259 73.3  
(72.9, 73.8) 

552,532 85.4  
(85.3, 85.5) 

577,791 84.8  
(84.7, 84.9) 

*For Dose 3 - cohort is only births in Western Australia (2010-2012). Denominators: non-
Aboriginal N=86,678; Aboriginal N=5,518; total population N=92,196 
¥ Deemed to be fully vaccinated (2nd dose of RV1 or 3rd dose of RV5) as assessed at 12 months 
of age  
 

Infants with a birthweight of less than 1500 grams, followed by pre-term infants with 

gestational age of less than 33 weeks, had the lowest on-time vaccine uptake for all doses 

among both Aboriginal and non-Aboriginal infants (Table 8.3). Varying levels of on-time 

vaccine uptake were observed within each population sub-group and the level of variation 

differed between Aboriginal and non-Aboriginal infants. For example, among Aboriginal 

infants, 82.1% of first-born infants had an on-time dose 2 recorded compared to only 63.2% of 

infants born to mothers who had 3 or more previous pregnancies; only 66.0% of infants with 

gestational age less than 33 weeks had received dose 2 on time compared to 75.8% in infants 

born full-term. Among non-Aboriginal infants, on-time vaccine uptake for dose 2 was 88.0% in 

first-born infants and only 77.9% in infants born to mothers with 3 or more previous births; 

and on-time dose 2 vaccine uptake was only 77.0% in infants born less than 33 weeks 

gestation compared to 85.6% coverage in infants born full-term. Also, similar to the overall 

estimates, vaccine uptake in the different population sub-groups for both Aboriginal and non-



 

151 

 

Aboriginal infants showed decreasing trends with each subsequent dose of the vaccine – for 

example, among Aboriginal infants born to mothers who have had 3 or more previous births, 

there was a 10% point difference between those receiving dose 1 and dose 2 (Table 8.3). The 

only exception to this was infants with gestational age less than 33 weeks or birthweight less 

than 1500g whose on-time vaccine uptake was similar or higher for the second dose than the 

first dose.  

 

8.4.2 Comparison of dose timing for DTPa and rotavirus vaccines 

Among infants who had a record for receipt of the 2nd dose of DTPa and/or rotavirus vaccine, 

approximately 75% of Aboriginal and 85% of non-Aboriginal infants had received their second 

dose by 174 days (recommended upper age limit for RV1: Figure 8.3). DTPa coverage reached 

91% in Aboriginal (increase of 16%) and 94% in non-Aboriginal infants (increase of 9%) for 

dose 2 by 12 months of age whereas for rotavirus vaccination, only an additional 3% of both 

Aboriginal and non-Aboriginal infants received dose 2 between 174 days and 12 months of 

age (Figure 8.3).  

 

There were similar findings for dose 3 among Western Australian-born infants, where RV5 was 

used, with 54% Aboriginal and 78% non-Aboriginal infants receiving dose 3 of DTPa and/or 

rotavirus vaccine by 230 days, the recommended upper age limit for RV5. From 230 days to 12 

months, an additional 2% of Aboriginal and non-Aboriginal infants received a third dose of 

RV5, while 21% Aboriginal) and 9% non-Aboriginal infants received a third dose of DTPa 

(Figure 8.3).  
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Table 8.3 Proportion of Aboriginal and non-Aboriginal infants with receipt of on-time rotavirus vaccine by dose and population sub-groups 

Subgroup 

ABORIGINAL NON-ABORIGINAL 
Dose 1 Dose 2 Dose 3  

(only RV5) 
Dose 1 Dose 2 Dose 3  

(only RV5) 
n % n % n % n % n % n % 

Mother’s age (years)            
>=35 2633 80.3 2417 73.7 251 55.5 135229 88.0 132083 86.0 14679 78.1 
30-34  4297 82.1 3929 75.1 430 54.8 190793 88.8 187137 87.1 22848 80.4 
25-29 6929 82.1 6389 75.7 733 54.3 157333 88.1 153411 85.9 19745 78.8 
20-24 9139 82.9 8348 75.8 960 54.2 71338 86.7 68370 83.1 8795 74.4 
<20 5320 82.1 4810 74.2 624 53.8 15154 85.6 14439 81.6 1850 71.2 
Father’s age (years)            
>=35 4905 82.7 4516 76.2 487 58.4 220747 88.2 215787 86.2 25063 78.7 
30-34  4817 82.9 4445 76.5 448 54.9 181248 88.8 177674 87.0 21940 80.3 
25-29 6721 84.2 6213 77.9 724 58.4 112371 88.0 109101 85.4 14162 77.9 
20-24 6692 82.6 6084 75.1 766 54.2 38216 86.8 36472 82.9 4994 74.2 
<20 2489 81.7 2268 74.5 285 51.7 5155 85.0 4929 81.3 638 69.4 
Delivery method            
Vaginal 18971 81.3 17229 73.8 1894 52.3 317333 87.2 307105 84.4 32494 74.8 
Instrumental 2247 85.6 2125 81.0 287 59.5 72471 89.4 71769 88.6 11332 84.4 
Caesarean 7091 83.7 6531 77.1 817 57.8 179943 89.0 176472 87.3 24091 80.8 
Maternal smoking during pregnancy           
No 16762 85.0 15686 79.5 1989 60.3 515505 88.4 504432 86.5 62494 79.5 
Yes 11535 78.5 10187 69.3 1009 45.5 53545 85.5 50213 80.2 5423 67.2 
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Subgroup 

ABORIGINAL NON-ABORIGINAL 
Dose 1 Dose 2 Dose 3  

(only RV5) 
Dose 1 Dose 2 Dose 3  

(only RV5) 
n % n % n % n % n % n % 

Number of previous pregnancies           
0 10326 86.7 9776 82.1 941 63.5 232114 88.7 230328 88.0 23544 85.2 
1 7267 84.2 6721 77.9 760 56.3 191725 89.0 186470 86.6 21743 79.6 
2 4591 82.4 4120 73.9 474 55.8 88565 87.6 84969 84.0 12158 75.3 
3 or more 6115 73.5 5258 63.2 823 44.8 57043 83.4 53283 77.9 10472 67.2 
Birth Season             
Spring 7262 82.2 6798 77.0 732 55.6 152257 88.4 148802 86.4 17084 78.9 
Winter 7595 81.3 6839 73.2 757 54.5 152483 87.8 148081 85.3 16981 78.5 
Autumn 6945 82.6 6300 74.9 759 51.7 136848 87.5 133865 85.6 17592 78.3 
Summer 6516 82.9 5956 75.7 750 55.8 128259 88.7 124692 86.2 16260 77.7 
Birthweight group (gms)            
<1500 220 60.4 222 61.0 36 44.4 1910 60.0 2358 74.1 308 66.2 
1500-2499 2004 75.7 1768 66.8 203 43.5 19423 86.1 18926 83.9 2360 74.8 
2500-3499 15072 81.6 13680 74.1 1616 52.7 295853 88.2 288373 86.0 36186 78.8 
3500-4499 10522 84.9 9773 78.9 1106 60.2 242969 88.4 236435 86.1 28173 78.4 
>=4500 496 85.8 447 77.3 37 53.6 9578 87.7 9232 84.5 890 73.6 
Gestational age (weeks)            
<33  415 66.5 412 66.0 58 45.0 3789 69.3 4208 77.0 526 70.0 
33-34  504 74.5 455 67.2 50 43.5 5802 86.6 5680 84.8 776 76.2 
35-36  1573 78.7 1407 70.4 188 47.0 20518 87.9 19882 85.2 2850 75.6 
≥37  25817 82.9 23613 75.8 2702 55.5 539687 88.3 525623 86.0 63761 78.6 
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Subgroup 

ABORIGINAL NON-ABORIGINAL 
Dose 1 Dose 2 Dose 3  

(only RV5) 
Dose 1 Dose 2 Dose 3  

(only RV5) 
n % n % n % n % n % n % 

Socio-economic index*            
0-10% (most disadv) 8600 80.0 7665 71.3 846 50.4 49614 87.1 47360 83.1 4166 74.4 
11-25% 6459 82.0 5894 74.8 683 52.9 83224 87.6 80539 84.8 9602 76.5 
26-75% 10471 84.3 9740 78.4 958 56.8 275294 88.3 268553 86.2 32702 78.2 
76-90% 1217 85.8 1138 80.3 158 65.0 91304 88.9 89695 87.3 11526 81.3 
91-100% (least disadv) 343 88.6 317 81.9 36 65.5 53543 88.2 52660 86.8 5361 79.1 
Remoteness index            
Major Cities 11932 82.0 10964 75.4 1080 52.2 434733 88.0 424378 85.9 47152 78.6 
Inner Regional 7787 84.5 7047 76.4 304 61.3 82286 89.0 79570 86.1 8381 77.6 
Outer Regional 4650 83.9 4219 76.1 486 54.4 29641 87.6 28641 84.7 4807 76.1 
Remote 1888 78.8 1733 72.3 488 57.5 5981 89.8 5893 88.5 2343 81.3 
Very Remote 972 73.3 908 68.4 323 50.1 1529 88.9 1507 87.6 674 75.4 
Mother Country of Birth            
Australia 27553 82.2 25185 75.2 2886 54.0 379262 89.4 369344 87.1 42868 79.0 
Overseas 742 81.3 686 75.1 112 63.3 188844 85.5 184362 83.4 25045 77.2 
Infant State of birth            
Western Australia 7952 75.2 7329 69.3 2998 54.3 138808 87.2 136871 85.9 67917 78.4 
New South Wales 20366 85.3 18564 77.8 - - 431039 88.4 418569 85.8 - - 
             
Note: 95% confidence intervals were very tight/narrow and hence not reported 
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Figure 8.3 Cumulative vaccine dose coverage by age in days for dose 2 and dose 3 of rotavirus* and DTPa vaccines 
RV1: Monovalent rotavirus vaccine (Rotarix)  RV5: Pentavalent rotaviurs vaccine (RotaTeq)  DTPa: Diptheria-tetanus-acelluar pertussis vaccine 
*Dose 2 coverage for rotavirus vaccines includes receipt of dose 2 of RV1 or RV5 among all infants born in Western Australia or New South Wales in 2007-2012; 
Dose 3 coverage includes receipt of dose 3 of RV5 among infants born in Western Australia 2010-2012
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8.4.3 Determinants of vaccine uptake 

Adjusting for all factors, Aboriginal infants had a 36% (95% CI: 34, 39) lower odds of receiving 

at least one dose of any rotavirus vaccine (≥39 days after birth but not restricted to on-time 

doses) compared to non-Aboriginal infants. In the adjusted model for Aboriginal infants, 

vaccine uptake steadily increased over time with an aOR of 2.22 (95% CI: 1.94, 2.53) among 

infants born in 2012 as compared to those born in 2007 (Table 8.4). The strongest association 

with vaccine uptake was birth order; infants born to mothers with 3 or more previous 

pregnancies had 70% (95% CI: 66, 73) lower odds of receiving at least 1 dose compared to 

first-born infants. Infants born to teenage parents had an approximately 30% lower odds of 

receiving at least 1 dose compared to infants born to parents aged ≥35 years, and infants born 

with a birthweight of less than 1500 grams had 54% lower odds of receiving at least 1 dose 

than infants of normal birthweight. Aboriginal infants living in Western Australia were less 

likely to receive at least 1 dose of rotavirus vaccine than infants living in New South Wales 

(aOR 0.63; 95% CI: 0.58, 0.68). 

 

Rotavirus vaccination uptake increased over the study period among non-Aboriginal infants, 

with the greatest increase occurring in the 2 years (2008-2009) after vaccination introduction 

(Table 8.4). Non-Aboriginal infants living in Western Australia had lower odds of receiving at 

least 1 dose than those living in New South Wales (aOR 0.85; 95% CI: 0.83, 0.87). Among non-

Aboriginal infants, birthweight had the strongest association with vaccine uptake; infants with 

birthweight less than 1500 grams had 64% lower odds of receiving at least 1 dose than those 

of normal birthweight. A trend of decreasing odds of receiving at least 1 dose was observed 

with increased birth order and decreasing parental age (Table 8.4). Non-Aboriginal infants 

born at less than 33 weeks gestation had 27% lower odds of receiving at least 1 dose than 

infants born at ≥37 weeks. Non-Aboriginal infants of overseas-born mothers had a 43% (95% 

CI: 42, 45) lower odds of receiving at least 1 dose than infants of Australian-born mothers.  
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Using the last dose assumption, the proportion of infants deemed ‘fully immunised’ by 12 

months for rotavirus vaccination was 73.3% among Aboriginal infants and 85.4% among non-

Aboriginal infants (Table 8.2). Factors associated with being fully immunised at 12 months 

(versus no doses) were broadly similar the factors associated with receipt of at least one dose 

of rotavirus vaccine (Table 8.5).    

 

8.5 Discussion 

Rotavirus is the most common pathogen associated with severe gastroenteritis and is a 

leading cause of childhood morbidity and mortality worldwide.205,206 Our estimates for any 

(93.5%) and full (85.4% among non-Aboriginal children and 73.3% among Aboriginal children) 

immunisation coverage are comparable to previous Australian estimates and to estimates 

from other countries with universally funded immunisation programs, and substantially higher 

than in countries without funded programs.196,207,208 Although initiation and completion of 

rotavirus vaccination in Aboriginal children increased over the course of the study period, 

there still exists a significant disparity in their coverage compared to non-Aboriginal children. 

Considering that receipt of the full dose series of the rotavirus vaccine has been shown to 

afford the highest protection against severe rotavirus infection, this disparity is of concern and 

may contribute to persistently higher burden of gastroenteritis-related hospitalisation among 

Aboriginal children.203,209  
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Table 8.4 Adjusted odds ratios (aOR) of receipt of ≥1 dose of rotavirus vaccine# among Aboriginal and non-Aboriginal infants (2007-2012) 

Characteristics 
ABORIGINAL  NON-ABORIGINAL 

n (%) Univariate Adjusted n (%) Univariate Adjusted 
OR 95% CI aOR 95% CI OR 95% CI aOR 95% CI 

Year of birth           
2007 3119 (78.5) Ref Ref 66855 (87.9) Ref Ref 
2008 5166 (85.3) 1.59 1.43, 1.77 1.61 1.43, 1.82 105465 (92.7) 1.74 1.68, 1.79 1.84 1.78, 1.90 
2009 5330 (86.6) 1.77 1.59, 1.96 1.83 1.61, 2.07 106932 (93.3) 1.90 1.84, 1.96 2.02 1.95, 2.09 
2010 5449 (87.3) 1.88 1.69, 2.09 1.78 1.57, 2.01 106624 (93.2) 1.89 1.83, 1.95 2.00 1.93, 2.07 
2011 5425 (88.0) 2.01 1.81, 2.24 1.99 1.76, 2.26 107663 (93.2) 1.88 1.82, 1.94 1.92 1.86, 1.99 
2012 5256 (89.7) 2.39 2.13, 2.67 2.22 1.94, 2.53 104783 (93.0) 1.82 1.76, 1.88 1.90 1.83, 1.96 
Mother’s age (years)           
>=35 2778 (84.7) Ref Ref 141773 (92.3) Ref Ref 
30-34  4513 (86.3) 1.13 1.00, 1.28 1.07 0.93, 1.24 200177 (93.2) 1.14 1.11, 1.17 1.08 1.05, 1.11 
25-29 7295 (86.5) 1.16 1.03, 1.29 1.04 0.90, 1.21 165235 (92.5) 1.03 1.01, 1.06 0.99 0.96, 1.03 
20-24 9582 (86.9) 1.20 1.08, 1.34 0.92 0.78, 1.09 75092 (91.2) 0.87 0.84, 0.90 0.88 0.84, 0.92 
<20 5577 (86.1) 1.11 0.99, 1.25 0.71 0.58, 0.86 16045 (90.7) 0.81 0.77, 0.86 0.84 0.78, 0.91 
Father’s age (years)           
>=35 5141 (86.7) Ref Ref 231644 (92.6) Ref Ref 
30-34  5077 (87.4) 1.06 0.05, 1.18 0.93 0.82, 1.05 190242 (93.2) 1.10 1.07, 1.12 1.00 0.97, 1.02 
25-29 7030 (88.1) 1.13 1.02, 1.25 0.92 0.81, 1.05 117956 (92.4) 0.97 0.95, 1.00 0.90 0.87, 0.93 
20-24 7015 (86.6) 0.99 0.90, 1.09 0.75 0.65, 0.87 40186 (91.3) 0.85 0.82, 0.88 0.82 0.78, 0.86 
<20 2620 (86.0) 0.94 0.83, 1.07 0.70 0.59, 0.85 5471 (90.2) 0.74 0.68, 0.81 0.70 0.63, 0.78 
Delivery method           
Caesarean 7441(87.8) Ref Ref 188898 (93.5) Ref Ref 
Instrumentation 2359 (89.9) 1.23 1.07, 1.42 0.92 0.78, 1.08 75934 (93.7) 1.04 1.01, 1.08 0.99 0.95, 1.03 
Vaginal 19935 (85.4) 0.81 0.75, 0.87 0.88 0.81, 0.96 333384 (91.7) 0.77 0.75, 0.78 0.81 0.79, 0.83 
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Characteristics 
ABORIGINAL  NON-ABORIGINAL 

n (%) Univariate Adjusted n (%) Univariate Adjusted 
OR 95% CI aOR 95% CI OR 95% CI aOR 95% CI 

Maternal smoking during pregnancy          
No 17562 (89.1) Ref Ref 540983 (92.7) Ref Ref 
Yes 12161 (82.7) 0.59 0.55, 0.63 0.71 0.66, 0.76 56484(90.2) 0.72 0.70, 0.74 0.82 0.80, 0.85 
Number of previous pregnancies          
0 10795 (90.7) Ref Ref 243862 (93.2) Ref Ref 
1 7637 (88.5) 0.79 0.72, 0.87 0.72 0.64, 0.80 200991 (93.3) 1.02 0.99, 1.04 0.99 0.96, 1.01 
2 4809 (86.3) 0.65 0.59, 0.72 0.54 0.48, 0.61 92953 (91.9) 0.83 0.81, 0.85 0.80 0.78, 0.83 
3 or more 6485 (78.0) 0.37 0.34, 0.40 0.30 0.27, 0.34 60097 (87.9) 0.53 0.51, 0.54 0.53 0.51, 0.55 
Birth Season           
Spring 7671 (86.9) Ref Ref 159806 (92.7) Ref Ref 
Winter 7965 (85.3) 0.88 0.80, 0.95 0.85 0.77, 0.94 160045 (92.2) 0.92 0.90, 0.95 0.92 0.90, 0.95 
Autumn 7282 (86.6) 0.98 0.89, 1,07 0.88 0.79, 0.97 144152 (92.1) 0.92 0.89, 0.94 0.84 0.82, 0.87 
Summer 6827 (86.8) 1.00 0.91, 1.09 0.94 0.85, 1.05 134319 (92.9) 1.02 0.99, 1.05 0.95 0.92, 0.97 
Birthweight group (gms)           
<1500 268 (73.6) 0.35 0.27, 0.44 0.46 0.30, 0.70 2590 (81.4) 0.34 0.31, 0.38 0.46 0.39, 0.54 
1500-2499 2130 (80.4) 0.51 0.46, 0.57 0.70 0.60, 0.83 20556 (91.1) 0.80 0.77, 0.84 0.90 0.84, 0.96 
2500-3499 15804 (85.6) 0.74 0.69, 0.79 0.86 0.79, 0.93 310355 (92.5) 0.97 0.96, 0.99 1.02 1.00, 1.04 
3500-4499 11023 (89.0) Ref Ref 254662 (92.7) Ref Ref 
>=4500 516 (89.3) 1.03 0.79, 1.35 0.88 0.65, 1.17 10035 (91.9) 0.89 0.83, 0.96 0.88 0.82, 0.95 
Gestational age (weeks)           
≥37 27058 (86.9) Ref Ref 565943 (92.6) Ref Ref 
35-36 1667 (83.4) 0.76 0.67, 0.85 1.04 0.89, 1.22 21578 (92.4) 0.98 0.93, 1.03 1.04 0.98, 1.10 
33-34 534 (78.9) 0.56 0.47, 0.68 0.89 0.69, 1.15 6123 (91.4) 0.86 0.79, 0.93 0.96 0.86, 1.06 
<33 486 (77.9) 0.53 0.44, 0.64 0.89 0.63, 1.25 4622 (84.6) 0.44 0.41, 0.47 0.73 0.64, 0.84 
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Characteristics 
ABORIGINAL  NON-ABORIGINAL 

n (%) Univariate Adjusted n (%) Univariate Adjusted 
OR 95% CI aOR 95% CI OR 95% CI aOR 95% CI 

Socio-economic index*           
91-100% (least disadv) 355 (91.7) Ref Ref 56409 (93.0) Ref Ref 
76-90% 1276 (90.0) 0.81 0.54, 1.21 0.83 0.53, 1.30 95917 (93.4) 1.07 1.03, 1.11 1.09 1.04, 1.13 
26-75% 11029 (88.7) 0.71 0.49, 1.02 0.81 0.54, 1.22 288898 (92.7) 0.96 0.93, 0.99 1.07 1.03, 1.10 
11-25% 6758 (85.8) 0.54 0.38, 0.78 0.70 0.46, 1.06 87393 (92.0) 0.87 0.84, 0.91 1.09 1.04, 1.13 
0-10% (most disadv) 9028 (84.0) 0.47 0.33, 0.68 0.66 0.43, 0.99 52076 (91.4) 0.81 0.77, 0.84 1.09 1.04, 1.14 
Remoteness index           
Major Cities 12623 (86.8) Ref Ref 457644 (92.7) Ref Ref 
Inner Regional 8085 (87.7) 1.09 1.00, 1.16 0.99 0.91, 1.08 85726 (92.8) 1.01 0.98, 1.04 0.94 0.91, 0.97 
Outer Regional 4855 (87.6) 1.08 0.98, 1.19 1.27 1.14, 1.41 30799 (91.1) 0.80 0.77, 0.83 0.79 0.76, 0.82 
Remote 1988 (82.9) 0.74 0.66, 0.83 1.05 0.92, 1.20 6207 (93.2) 1.09 0.99, 1.20 1.14 1.03, 1.26 
Very Remote 1044 (78.7) 0.56 0.49, 0.65 1.03 0.86, 1.22 1592 (92.6) 0.98 0.82, 1.18 1.07 0.89, 1.29 
Mother Country of Birth           
Australia 28939 (86.4) Ref Ref 397134 (93.7) Ref Ref 
Overseas 781 (85.5) 0.93 0.77, 1.13 0.65 0.53, 0.80 199336 (90.2) 0.62 0.61, 0.64 0.57 0.55, 0.58 
Infant State of birth           
New South Wales 21249 (89.0) Ref Ref 453022 (92.9) Ref Ref 
Western Australia 8496 (80.4) 0.51 0.48, 0.54 0.63 0.58, 0.68 145300 (91.2) 0.80 0.78, 0.81 0.85 0.83, 0.87 
           
# Receipt of at least one dose of rotavirus vaccine (RV1 or RV5) ≥39 days after birth but not restricted to on-time doses 
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Table 8.5 Proportion, odds ratios (OR) and adjusted odds ratios (aOR) of being fully vaccinated for rotavirus vaccine# among Aboriginal and non-Aboriginal 
infants (2007-2012) 

Characteristics 
ABORIGINAL  NON-ABORIGINAL 

n (%) Univariate Adjusted n (%) Univariate Adjusted 
OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI) 

Year of birth           
2007 2708 (68.2) Ref Ref 62429 (82.1) Ref Ref 
2008 4582 (75.7) 1.45 1.33, 1.59 1.49 1.34, 1.66 99302 (87.3) 1.49 1.46, 1.53 1.55 1.51, 1.60 
2009 4539 (73.7) 1.31 1.20, 1.43 1.33 1.20, 1.48 99035 (86.4) 1.38 1.35, 1.42 1.43 1.39, 1.47 
2010 4575 (73.3) 1.28 1.17, 1.40 1.22 1.10, 1.35 98672 (86.3) 1.37 1.34, 1.40 1.41 1.37, 1.45 
2011 4532 (73.5) 1.30 1.19, 1.42 1.23 1.11, 1.37 99291 (86.0) 1.33 1.30, 1.37 1.34 1.31, 1.38 
2012 4489 (76.6) 1.53 1.40, 1.67 1.40 1.26, 1.58 96269 (85.4) 1.28 1.25, 1.31 1.30 1.27, 1.34 
Mother’s age (years)           
>=35 2423 (73.9) Ref Ref 132157 (86.0) Ref Ref 
30-34  3874 (74.0) 1.01 0.91, 1.11 0.97 0.86, 1.09 186956 (87.0) 1.09 1.07, 1.11 1.02 1.00, 1.04 
25-29 6277 (74.4) 1.03 0.94, 1.13 0.93 0.83, 1.05 153233 (85.8) 0.98 0.96, 1.00 0.92 0.90, 0.95 
20-24 8181 (74.2) 1.02 0.93, 1.11 0.79 0.70, 0.90 68280 (83.0) 0.79 0.77, 0.81 0.78 0.75, 0.80 
<20 4670 (72.1) 0.91 0.83, 1.00 0.62 0.53, 0.73 14372 (81.2) 0.70 0.67, 0.73 0.69 0.65, 0.73 
Father’s age (years)           
>=35 4493 (75.8) Ref Ref 215822 (86.2) Ref Ref 
30-34  4369 (75.2) 0.97 0.89, 1.05 0.87 0.79, 0.95 177481 (86.9) 1.06 1.04, 1.08 0.99 0.97, 1.01 
25-29 6110 (76.6) 1.04 0.96, 1.13 0.89 0.81, 0.99 108894 (85.3) 0.92 0.91, 0.94 0.89 0.87, 0.91 
20-24 5942 (73.3) 0.88 0.81, 0.95 0.72 0.64, 0.80 36342 (82.6) 0.76 0.74, 0.78 0.80 0.77, 0.83 
<20 2190 (71.9) 0.82 0.74, 0.90 0.64 0.55, 0.74 4881 (80.5) 0.66 0.62, 0.70 0.71 0.65, 0.77 
Delivery method           
Caesarean  6401 (75.6) Ref Ref 175976 (87.1) Ref Ref 
Instrumentation 2076 (79.1) 1.23 1.10, 1.37 1.01 0.89, 1.15 71440 (88.2) 1.11 1.08, 1.13 1.02 1.00, 1.05 
Vaginal 16941 (72.6) 0.86 0.81, 0.91 0.95 0.89, 1.02 307483 (84.5) 0.81 0.80, 0.82 0.87 0.86, 0.89 
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Characteristics 
ABORIGINAL  NON-ABORIGINAL 

n (%) Univariate Adjusted n (%) Univariate Adjusted 
OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI) 

Maternal smoking during pregnancy           
No 15395 (78.1) Ref Ref 503712 (86.3) Ref Ref 
Yes 10010 (68.1) 0.60 0.57, 0.63 0.70 0.66, 0.74 50479 (80.6) 0.66 0.64, 0.67 0.78 0.76, 0.79 
Number of previous pregnancies           
0 9634 (80.9) Ref Ref 230206 (88.0) Ref Ref 
1 6618 (76.7) 0.78 0.72, 0.83 0.67 0.62, 0.73 186525 (86.6) 0.88 0.87, 0.90 0.84 0.83, 0.86 
2 4066 (73.0) 0.64 0.59, 0.69 0.50 0.45, 0.55 85008 (84.1) 0.72 0.71, 0.74 0.69 0.67, 0.70 
3 or more 5088 (61.2) 0.37 0.35, 0.40 0.30 0.27, 0.32 52858 (77.3) 0.46 0.45, 0.47 0.47 0.45, 0.48 
Birth Season           
Spring 6646 (75.3) Ref Ref 148408 (86.1) Ref Ref 
Winter 6740 (72.2) 0.85 0.80, 0.91 0.84 0.77, 0.90 148261 (85.4) 0.94 0.93, 0.96 0.95 0.93, 0.97 
Autumn 6165 (73.3) 0.90 0.94, 0.97 0.86 0.80, 0.93 133,934 (85.6) 0.96 0.94, 0.98 0.93 0.91, 0.95 
Summer 5874 (74.7) 0.97 0.91, 1.04 0.93 0.86, 1.01 124395 (86.0) 0.99 0.97, 1.01 0.96 0.94, 0.98 
Birthweight group (gms)           
<1500 223 (61.3) 0.46 0.37, 0.57 0.50 0.34, 0.72 2441 (76.7) 0.54 0.49, 0.58 0.65 0.57, 0.74 
1500-2499 1727 (65.2) 0.54 0.49, 0.59 0.68 0.60, 0.78 18944 (83.9) 0.85 0.82, 0.88 0.93 0.88, 0.97 
2500-3499 13411 (72.6) 0.77 0.73, 0.81 0.87 0.82, 0.93 288059 (85.9) 0.99 0.98, 1.01 1.02 1.00, 1.03 
3500-4499 9617 (77.6) Ref Ref 236185 (86.0) Ref Ref 
>=4500 444 (76.8) 0.96 0.78, 1.16 0.80 0.64, 0.99 9250 (84.7) 0.90 0.86, 0.95 0.91 0.86, 0.96 
Gestational age (weeks)           
≥37 23204 (74.5) Ref Ref 525136 (85.9) Ref Ref 
35-36 1360 (68.0) 0.73 0.66, 0.80 1.00 0.88, 1.13 19836 (85.0) 0.93 0.90, 0.96 0.98 0.94, 1.02 
33-34 448 (66.2) 0.67 0.57, 0.79 1.01 0.82, 1.26 5670 (84.7) 0.91 0.85, 0.97 0.99 0.91, 1.07 
<33 406 (65.1) 0.64 0.54, 0.75 1.17 0.88, 1.56 4310 (78.9) 0.61 0.57, 0.65 0.83 0.74, 0.93 
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Characteristics 
ABORIGINAL  NON-ABORIGINAL 

n (%) Univariate Adjusted n (%) Univariate Adjusted 
OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI) 

Socio-economic index*           
91-100% (least disadv) 308 (79.6) Ref Ref 52711 (86.9) Ref Ref 
76-90% 1125 (79.3) 0.98 0.75, 1.30 1.14 0.83, 1.56 89433 (87.1) 1.02 0.99, 1.05 1.05 1.02, 1.09 
26-75% 9635 (77.5) 0.88 0.69, 1.14 1.14 0.86, 1.52 268257 (86.1) 0.93 0.91, 0.96 1.06 1.03, 1.09 
11-25% 5797 (73.6) 0.71 0.55, 0.92 1.06 0.80, 1.42 80681 (85.0) 0.85 0.83, 0.88 1.09 1.05, 1.12 
0-10% (most disadv) 7503 (69.8) 0.59 0.46, 0.76 0.94 0.71, 1.25 47894 (84.1) 0.80 0.77, 0.82 1.09 1.05, 1.13 
Remoteness index           
Major Cities 10914 (75.0) Ref Ref 425647 (86.2) Ref Ref 
Inner Regional 7113 (77.2) 1.12 1.06, 1.20 0.97 0.91, 1.04 79358 (85.9) 0.97 0.95, 0.99 0.98 0.96, 1.00 
Outer Regional 4081 (73.7) 0.93 0.87, 1.00 1.07 0.99, 1.16 28107 (83.1) 0.79 0.76, 0.81 0.85 0.82, 0.88 
Remote 1598 (66.7) 0.67 0.61, 0.73 1.03 0.93, 1.15 5632 (84.6) 0.88 0.82, 0.94 1.07 1.00, 1.14 
Very Remote 786 (59.2) 0.48 0.43, 0.54 1.06 0.92, 1.23 1420 (82.6) 0.76 0.67, 0.86 0.96 0.85, 1.09 
Mother Country of Birth           
Australia 24728 (73.8) Ref  Ref  368729 (87.0) Ref Ref 
Overseas 675 (73.9) 1.01 0.87, 1.17 0.73 0.61, 0.87 184519 (83.5) 0.76 0.75, 0.77 0.69 0.68, 0.70 
Infant State of birth           
New South Wales 19046 (79.8) Ref  Ref  424292 (87.0) Ref Ref 
Western Australia 6379 (60.3) 0.39 0.37, 0.41 0.46 0.43, 0.49 130706 (82.1) 0.68 0.67, 0.69 0.75 0.74, 0.76 
           
# Deemed to be fully vaccinated (2nd dose of RV1 or 3rd dose of RV5) as assessed at 12 months of age 
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The upper age restriction for rotavirus vaccine is the main driver of lower coverage than other 

vaccines with a similar infant schedule, such as DTPa (>90% at age 12 months) as observed 

elsewhere.197,207 In our study, post the upper age limit of RV1 vaccine, 2-dose DTPa coverage 

increased a further 9-16%, while 2-dose rotavirus vaccination coverage only increased by 3%. 

The differential between DTPa and rotavirus vaccination coverage was most evident among 

Aboriginal children. This underlines the importance of improving the timeliness of all vaccines 

through appropriate promotional strategies and/or vaccine reminders. Strict age restrictions 

have been imposed for initiating and completing rotavirus vaccination because of concerns 

about vaccine-associated intussusception; post-marketing studies have confirmed a small 

increase in risk of intussusception following rotavirus vaccine administration.123,128  In 

Australia, the incidence of intussusception among children aged less than 2 years was 

estimated to be 0.54 per 100,000 child-years before the immunisation program.210 An 

additional 5.6 cases of intussusception are estimated to occur per 100,000 vaccinated infants, 

with the severity of intussusception episodes among vaccinated infants no different from that 

among unvaccinated infants.123,124 In light of the minimal increased risk of intussusception 

following vaccination and the fact that intussusception is rarely fatal in Australia, relaxing the 

upper age restrictions for rotavirus vaccination, as recommended by WHO for countries with 

high burden, should be considered as a strategy for improving vaccine uptake.211  

 

Along with uptake, timeliness is recognised as a key measure of the impact of childhood 

vaccination programs since the aim of these programs is to not only afford protection to all 

children against vaccine-preventable infections but also to minimise the time when they are 

more vulnerable to these infections. To our knowledge, this is the first study to look at 

rotavirus vaccination coverage at recommended time points among various population sub-

groups and identify patterns and predictors of uptake of rotavirus vaccine available through a 

nation-wide funded immunisation program. Although 95% of those immunised with rotavirus 
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vaccine received their dose within the recommended upper/lower age limit, on-time vaccine 

uptake estimates were as low as 45% in some population subgroups in our study with uptake 

being lower for Aboriginal infants across all of the population subgroups.  

 

The key population subgroups associated with the lowest on-time vaccine uptake and the 

lowest odds of receiving the rotavirus vaccination in our study were very preterm and with 

very low birthweight infants who are at increased risk of rotavirus gastroenteritis and its 

ensuing complications.201,203 Though the safety and effectiveness of rotavirus vaccination have 

been demonstrated in preterm and low birthweight infants, age-eligible infants in neonatal 

intensive care units (NICUs) may not be vaccinated due to residual concerns over safety or 

due to potential transmission of live vaccine strains in the NICU.212 As these infants are 

typically inpatients for at least two months, they are often no longer age-eligible at hospital 

discharge.213 Relaxation of upper age restrictions for rotavirus vaccination and earlier 

administration of rotavirus vaccine in nurseries would improve uptake in this vulnerable 

group.  

  

Higher birth order, younger maternal age, maternal smoking during pregnancy, mode of 

delivery and birth in Western Australia were other factors associated with low vaccine uptake 

in both Aboriginal and non-Aboriginal children, factors previously identified as associated with 

decreased and/or delayed vaccine uptake.187,188,191,194 Lower socio-economic status was 

associated with increased vaccine uptake among non-Aboriginal children, but this association 

was not significant in Aboriginal children after adjusting for other factors. Implementation of 

appropriately targeted vaccination strategies like active ‘precall’ and ‘recall’ among the groups 

we identified merits further evaluation.  
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The strength of our study is the use of a large comprehensive population-based cohort, with 

near complete demographic data, linked to an immunisation register that captures the 

individual immunisation records of 99% of the target population.214 Also, since we have 

reliable data on Aboriginal status, we were able to compare coverage and determinants of 

coverage between Aboriginal and non-Aboriginal children. Our study, however does have 

some limitations. We lacked information on other factors associated with immunisation 

uptake, including religious beliefs, breastfeeding and parental attitudes. Our vaccination 

coverage estimates could be underestimated by about 3%, because records have not been 

transmitted to the immunisation register by providers for a number of reasons including 

technical problems with the automated software packages.215  

 

In conclusion, we have identified several population subgroups with suboptimal rotavirus 

vaccination uptake among whom measures including recall and reminders as well as changes 

in practice among neonatal nurseries could be beneficial. However, relaxation of the upper 

age restriction for rotavirus vaccine doses is the most readily implementable initiative and 

evaluating the impact of this change on disease prevention and adverse outcomes such as 

intussusception is essential. 



 

 

 

 

 

 

Chapter 9 

EFFECTIVENESS OF 

ROTAVIRUS VACCINES 

Chapter 9 Effectiveness of Rotavirus Vaccines 
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Part A – Assessment of vaccine effectiveness using case-control study design 

 

9.1 Preamble  

Chapter 8 assessed the timeliness and uptake of rotavirus vaccination in the population. 

Routine monitoring and evaluation of vaccine effectiveness in the population is important to 

guide immunisation strategies specific to the setting. Addressing aim 4 of this thesis, this 

chapter summarises the analyses which aimed to assess the vaccine effectiveness of rotavirus 

vaccines (RV1 and RV5) against laboratory confirmed and notified rotavirus infections among 

children aged less than 5 years. Different methodological approaches have been utilised to 

assess vaccine effectiveness including case-control, cohort, randomised control trial and test-

negative study designs. This section details the assessment of vaccine effectiveness using the 

case-control study design.  

 

The results detailed in this chapter have been published in Vaccine - ‘Fathima P, Snelling TL, 

Gibbs RA. Effectiveness of rotavirus vaccines in an Australian population: A case-control study. 

Vaccine. 2019 Sep 24;37(41):6048-53. doi: 10.1016/j.vaccine.2019.08.047. A copy of the 

published paper and the contributions of all co-authors on this manuscript is provided in 

Appendix 4. I collated and cleaned the data, conducted all analyses and wrote the first draft of 

the manuscript. The published manuscript is presented here in its entirety with some 

exclusions – details regarding the background, study setting and methodology already 

presented in the previous chapters have been omitted from Sections 9.3 and 9.4 to minimise 

duplication.  

 

9.2 Introduction 

In pre- and post-licensure studies, both RV1 and RV5 have demonstrated efficacy and 

effectiveness against severe rotavirus associated acute gastroenteritis in high-income and 
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low- and middle-income countries.58,216-221 However, studies suggest that rotavirus vaccine 

effectiveness varies from region to region.221 In Australia, declines in rotavirus-associated 

hospitalisations have been recorded, but studies have also shown differences in vaccine 

effectiveness, depending upon the study setting.105,106,113 To date, the rotavirus vaccination 

program has not been assessed in Western Australia and no direct comparative data exists for 

these vaccines in Australia. Since Western Australia changed from RV1 to RV5, the experience 

provides a unique opportunity to evaluate the effectiveness of RV1 and RV5 in the same 

population using the same methods. Thus, we assessed the vaccine effectiveness of rotavirus 

vaccines (RV1 and RV5) against laboratory confirmed and notified rotavirus infections in 

children aged less than 5 years. 

 

9.3 Methods 

9.3.1 Data Sources 

Data on enteric disease notifications were extracted from the Western Australian Notifiable 

Disease Database (WANIDD). Immunisation data were obtained from the Australian Childhood 

Immunisation Register (ACIR).  Details of these databases are provided in Chapter 4 (sections 

4.3.4 and 4.3.6). 

 

9.3.2 Study Design 

We conducted a record-based retrospective unmatched case-control study to assess the 

effectiveness of RV1 and RV5 in preventing laboratory confirmed rotavirus gastroenteritis 

requiring medical attention (including general practice, emergency department visits and/or 

hospitalisation), among children aged less than 5 years.   
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9.3.3 Participants 

Cases 

Cases were children identified as having laboratory confirmed rotavirus infection from January 

1, 2009 to December 31, 2011. Only children born on or after May 1, 2007 were included in 

the study.   

 

Controls 

Control children were chosen from among vaccine-eligible children (born on or after May 1, 

2007) notified as having non-vaccine related diarrhoeal diseases of non-rotavirus origin. The 

control group consisted of children notified as having Campylobacter infection or Salmonella 

infection from January 1, 2009 to December 31, 2011. Inclusion criteria for the controls were 

identical to those for cases.  

 

9.3.4 Immunisation status of the participants 

Rotavirus immunisation status of the cases and controls were ascertained by referring to the 

individual immunisation record on ACIR.  For each vaccine dose, the vaccine type and date of 

administration were recorded. Vaccine doses were only considered valid if administered ≥14 

days before the date of onset of disease (as recorded on WANIDD). The vaccination status of 

each child was recorded as being fully vaccinated if all recommended doses of vaccine were 

administered (2 doses for RV1 or 3 doses for RV5 ) ≥14 days before the disease onset date, 

partially vaccinated if the child had received at least one dose but less than the recommended 

doses, or unvaccinated. 

 

Children aged less than 2 months at the time of disease onset were excluded as were children 

whose records were not available on ACIR. All analyses were restricted to only children who 
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were older than the age recommended for completion of the rotavirus vaccinations (24 weeks 

old for RV1 and 32 weeks old for RV5) at the time of notification. 

 

9.3.5 Statistical analysis 

Univariate analyses were performed to compare the demographic characteristics between 

cases and controls. Pearson Chi-square tests were used to assess any differences between the 

categorical variables in both groups. Logistic regression models were used to calculate the 

unadjusted and adjusted odds ratio (OR) and 95% confidence intervals (CIs) of vaccination in 

cases compared with controls. The OR for vaccination with RV1 and RV5 (versus no 

vaccination) were estimated separately. For both cases and controls, RV1-only analyses were 

restricted to children born 1 May 2007 – 30 April 2009 and RV5-only analyses were restricted 

to children born on or after 1 May 2009. The multivariable model was adjusted for age (in 

years), sex, Aboriginal status and area of residence (metropolitan or non-metropolitan). 

Vaccine effectiveness was estimated from the OR using the formula  

Vaccine effectiveness = (1 – OR) x 100%222 

Secondary analyses were conducted to assess vaccine effectiveness for partial vaccination (1 

dose of RV1 or 1 or 2 doses of RV5), and vaccine effectiveness by age group, region of 

residence and Aboriginal status. All analyses were performed using StataTM, version 12.1 

(StataCorp). 

 

9.3.6 Ethical approvals 

Approval for this study was granted by the University of Western Australia Human Research 

Ethics Committee, Western Australian Department of Health Human Research Ethics 

Committee and the Western Australian Aboriginal Health Ethics Committee. 
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9.4 Results 

A total of 522 rotavirus cases and 1214 Salmonella or Campylobacter controls were identified 

over the study period. Immunisation records could not be obtained for 81 (16%) rotavirus 

cases and 187 (16%) controls.  Of the remainder, 282 cases and 883 controls were eligible to 

be included in the study (Figure 9.1). Based on the child’s date of birth, 208 cases and 539 

controls were RV1 eligible, and 59 cases and 263 controls were RV5 eligible. 

 

 

Figure 9.1 Flow diagram showing enrolment and exclusion of participants (cases and 
controls) 

 

 



174    

 

The median age at onset of disease for both the cases and controls was 17 months and the 

proportion identified as Aboriginal was similar (Table 9.1). Controls were more likely than 

cases to be male (59% vs 52%; p=0.04), and were less likely to reside in the metropolitan 

region of Western Australia (64% vs 76%; p<0.001). Among cases, 188 (67%) were fully 

vaccinated, 38 (13%) were partially vaccinated and 56 (20%) were unvaccinated. The number 

of controls fully, partially or not vaccinated were 706 (80%), 123 (14%), and 54 (6%) 

respectively. Aboriginal children were significantly less likely to be fully vaccinated than non- 

Aboriginal children (80% vs 90%; p<0.001); vaccination status was not associated with gender 

or region of residence. 

 

Table 9.1 Demographic characteristics of rotavirus cases and non-rotavirus controls 

Characteristic 
Rotavirus cases  

N=282 
n (%) 

Non-rotavirus controls  
N=883 
n (%) 

p-value 

Median age in months 17 (IQRa 11-24) 17 (IQRa 12-26) 0.70 
    
Sex    

Male 147 (52) 523 (59) 0.04 Female 135 (48) 360 (41) 
    

Aboriginal status    
Aboriginal   37 (13)   94 (11) 0.35 Non-Aboriginal 219 (78) 677 (77) 

    
Region of residence    

Non-metropolitan   68 (24) 315 (36) <0.001 Metropolitan 214 (76) 568 (64) 
     
a IQR – Inter quartile range 

 

Compared to unvaccinated children, the adjusted vaccine effectiveness against notified 

rotavirus infection among children fully vaccinated with either vaccine was 72% (95% CI: 56, 

82); the adjusted vaccine effectiveness was 71% (95% CI: 48, 84) for partial vaccination with 

either vaccine (Table 9.2). The point estimate of vaccine effectiveness for fully vaccinated 

children was lower among those aged 12-24 months than those aged 6-11 months (vaccine 
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effectiveness 58% vs 88%), albeit with overlapping confidence intervals (Table 9.3). Similarly, 

the point estimates of vaccine effectiveness among non-Aboriginal children were lower than 

that among Aboriginal children, as was the estimate of vaccine effectiveness among 

metropolitan compared with non-metropolitan children (Table 9.3).  

 

Table 9.2 Effectiveness of rotavirus vaccine against notified rotavirus infection in Western 
Australia (2009-2011) by vaccination status and vaccine type 

 
Immunisation status 

Rotavirus 
cases  
n (%) 

Non-rotavirus  
controls 

n (%) 

Vaccine effectiveness % (95% CI) 

Unadjusted Adjusteda 
     
RV1/RV5 N=282 N=883   

Unvaccinated 56 (20) 54 (6) Ref Ref 
Partially vaccinatedb 38 (13) 123 (14) 70 (50, 82) 71 (48, 84) 

Fully vaccinatedc 188 (67) 706 (80) 74 (61, 83) 72 (56, 82) 
     
     

RV1 d N=208 N=539   
Unvaccinated 42 (20) 39 (7) Ref Ref 

1 dose  22 (11) 59 (11) 65 (33, 82) 67 (32, 82) 
2 doses  144 (69) 441 (82) 70 (51, 81) 73 (55, 83) 

     
RV5 e N=59 N=263   

Unvaccinated 14 (24) 15 (6) Ref Ref 
1 dose  5 (8) 8 (3) 33 (-154, 82) 39 (-157, 85) 

2 doses  7 (12) 35 (13) 79 (36, 93) 81 (39, 94) 
3 doses 33 (56) 205 (78) 83 (61, 92) 82 (59, 92) 

     
a Adjusted for sex, age in years, Aboriginal status and region of residence 
b 1 dose of RV1 OR 1/2 doses of RV5  
c 2 doses of RV1 OR 3 doses of RV5 
d RV1-only analyses were restricted to children born 1 May 2007 – 30 April 2009  
c RV5-only analyses were restricted to children born on or after 1 May 2009 
CI: Confidence intervals 
 

Vaccine effectiveness for a full 2-dose course of RV1 was 73% (95% CI: 55, 83) and for a full 3-

dose course of RV5 was 82% (95% CI: 59, 92) (Table 9.2). The vaccine effectiveness was 67% 

(95% CI: 32, 82) for 1 dose of RV1, 39% (95% CI: -157, 85) for 1 dose of RV5 and 81% (95% CI: 

39, 94) for 2 doses of RV5 (Table 9.2). Similar to the overall analysis, point estimates of vaccine 
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effectiveness among non-Aboriginal children were lower than that among Aboriginal children 

in both RV1- and RV5-specific analyses, with overlapping confidence intervals (Table 9.3). 

 

9.5 Discussion 

Vaccination with either vaccine was shown to be protective against rotavirus infection 

requiring medical attention among children aged less than 5 years. This pattern corresponds 

with those observed in other parts of Australia where the introduction of rotavirus vaccination 

in the NIP has not only reduced the burden of gastroenteritis related hospitalisations in young 

children,104,107,109,218 but has also demonstrated a strong herd protective effect among older 

vaccine-ineligible children.104,218,223 

 

In our setting, a complete course of either rotavirus vaccine conferred a 72% (95% CI: 56, 82) 

protective effect against laboratory-confirmed and notified rotavirus gastroenteritis. 

Furthermore, partial vaccination (1 dose of RV1 or 2 doses of RV5) conferred a similar 

protective effect. These vaccine effectiveness estimates are comparable to the vaccine 

effectiveness of the two vaccines estimated in other studies in high-income countries where 

both vaccines are being used concurrently.224-226 With regard to the individual vaccines, 

complete courses of both RV1 and RV5 exhibited a good protective effect against rotavirus 

gastroenteritis with an estimated vaccine effectiveness of 73% (95% CI: 55, 83) and 82% (95% 

CI: 59, 92) for RV1 and RV5 respectively. Published vaccine effectiveness reviews summarised 

the vaccine effectiveness range of 76-85% for RV1 and 85-100% for RV5 in Australia and/or 

other high-income countries.227,228 Most of these studies focussed on rotavirus requiring 

hospitalisation whereas the present study included ambulatory participants accessing general 

practices, emergency department services as well as hospitalisations and this may account for 

the slightly lower vaccine effectiveness point estimates in this study. 
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Table 9.3 Effectiveness of complete course of rotavirus vaccinea against notified rotavirus infection in Western Australia (2009-2011) by vaccine type, age, 
Aboriginal status and region of residence 

 RV1/RV5 a RV1 RV5 
 

Cases/controls 
Adjusted vaccine 
effectiveness % 

(95% CI) 
Cases/controls 

Adjusted vaccine 
effectiveness % 

(95% CI) 
Cases/controls 

Adjusted vaccine 
effectiveness % 

(95% CI) 
Age group b       

6-11 months 69/177 88 (69, 96) 38/84 78 (2, 95) 27/79 95 (71, 99) 
12-24 months 112/352 58 (20, 78) 88/187 54 (2, 79) 19/133 51 (-99, 88) 

       
Aboriginal status c       

Aboriginal 28/77 83 (48, 95) 20/50 82 (32, 95) 8/19 86 (-35, 99) 
Non-Aboriginal 193/583 69 (48, 81) 151/363 60 (36, 80) 33/176 76 (27, 92) 

       
Region of residence d       

Metropolitan 194/484 63 (37, 78) 150/301 59 (28, 77) 34/149 81 (49, 93) 
Non-metropolitan 50/276 89 (71, 96) 36/179 88 (63, 96) 13/71 84 (20, 93) 

       
a 2 doses of RV1 OR 3 doses of RV5  
b Model adjusted for sex, Aboriginal status and region of residence 
c Model adjusted for sex, age in years and region of residence 
d Model adjusted for sex, age in years and Aboriginal status 
CI: Confidence interval 
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Despite the modestly lower point estimate of vaccine effectiveness for RV1 compared to RV5 

in this study, there was considerable overlap in the observed confidence intervals. Differences 

in the circulating strains of rotavirus in the community could potentially affect the vaccine 

effectiveness estimates of RV1 and RV5. RV1 is a live, monovalent, attenuated oral rotavirus 

vaccine derived from the most common human rotavirus strain G1P[8].20 This vaccine has 

demonstrated good efficacy against severe rotavirus gastroenteritis caused by serotypes G1, 

G3, G4 and G9, but possibly lesser protection against severe disease associated with G2 

strains which are heterotypic to the vaccine strain.220 Post-licensure studies have shown mixed 

results for the effectiveness of this vaccine against G2 associated strains and G2P[4] strains 

have emerged as the dominant circulating serotype in some settings using RV1 

vaccine.113,115,229,230 RV5 is a live, pentavalent (G1, G2, G3, G4, P[8]) human–bovine reassortant 

vaccine, and has been shown to be highly effective against G2P[4]  (which is partly heterotypic 

to RV5) in post-licensure studies.96 Over the course of the study period, G2P[4] was identified 

as the most common strain in Western Australia, representing nearly 66% of all specimens 

analysed.231 Also, we note that vaccine effectiveness analysis for RV1 included children up to 

age 4 years whereas vaccine effectiveness analyses for RV5 only included children up to 2 

years. Although the regression models were adjusted for age of the child at the time of 

disease onset, waning immunity could have had a differential influence on vaccine 

effectiveness estimates for RV1 and RV5.  

 

Historically, the burden of gastroenteritis in young children in Western Australia has been 

higher in Aboriginal than in non-Aboriginal children, with approximately five times greater 

rotavirus-related hospitalisation rates in the Aboriginal group.232 The reduction in 

gastroenteritis-related hospitalisations has been more modest among Aboriginal than non-

Aboriginal Australian children.104 We found no evidence of differences in vaccine effectiveness 

among Aboriginal and non-Aboriginal children in Western Australia, suggesting that reduced 
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impact is more likely due to documented lower coverage rather than vaccine failure.233 This 

finding underscores the importance of timely vaccination in Aboriginal children. 

 

One of the main strengths of this study is that the controls were selected among children 

presenting with a clinically compatible illness (two common types of bacterial gastroenteritis), 

similar to the test-negative design for vaccine effectiveness studies described elsewhere.234 

The strength of this method is that it protects against ascertainment bias which might arise if 

a child’s vaccination status is associated with patterns of either health seeking or testing 

behaviour. The choice of control group implicitly assumes that children with bacterial 

gastroenteritis are no more or less likely to be rotavirus vaccinated than other children in the 

source population; we were not able to confirm this is true although we have no specific 

reason to believe otherwise. Vaccination status was ascertained identically for cases and 

controls, using data systematically recorded on a comprehensive population-based 

immunisation register. Bias from misclassification of vaccination status was therefore unlikely.   

 

Compared to clinical trial evidence, there are several limitations to the findings of this study. 

Not every child who presents to a general practitioner or the emergency department with 

symptoms of gastroenteritis undergoes rotavirus testing and so the included cases may not be 

representative of all rotavirus infections in the community. If only severe cases were tested, 

vaccine effectiveness may be overestimated. Rotavirus antigen testing of faecal samples was 

conducted at different pathology laboratories in the state. Each laboratory has its own stool 

testing method and each method has its own sensitivity and specificity.235 Any false positive 

results are likely to result in some underestimation of vaccine effectiveness, while false 

negatives might also result in underestimation of vaccine effectiveness if controls with culture 

confirmed bacterial gastroenteritis coincidentally had undetected rotavirus infection. We note 

that there was no overlap in the time periods in which RV1 and RV5 were administered 
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limiting our ability to directly compare vaccine effectiveness estimates for RV1 and RV5. 

Changes in prevailing strains or in testing patterns over the study period, for example, might 

favour vaccine effectiveness estimates for one vaccine over another. 

 

In conclusion, two doses of RV1 and three doses of RV5 both appear effective for providing 

protection against clinically identified and notified rotavirus infection among Western 

Australian children aged less than 5 years. Even incomplete vaccination appears to confer 

moderately high protection. The benefits of timely immunisation with rotavirus vaccine in 

preventing rotavirus gastroenteritis should be emphasised and encouraged in the population. 
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Part B – Assessment of vaccine effectiveness using screening method 

 

9.6 Preamble 

Continuing on the theme of evaluating the impact of vaccination, this section details the 

assessment of the effectiveness of rotavirus vaccines using the screening method. The results 

detailed in this section have not been published yet. Post my PhD thesis submission, I plan to 

submit this section (in conjunction with Chapter 6 of this thesis) to the peer-reviewed 

Communicable Diseases Intelligence journal as an original research paper. I collated and 

cleaned the data, conducted the analyses and wrote the first draft of the manuscript. 

 

9.7 Introduction 

Unlike commonly used study designs (such as case-control of randomised controlled trial 

studies), the screening method is a relatively inexpensive and quick method to estimate 

vaccine effectiveness using readily available data that have been collected for other 

administrative purposes. In the screening method, the effectiveness of the vaccine is 

estimated by comparing vaccination coverage among confirmed cases (of the disease of 

interest) with the vaccination coverage in the population from which the cases were 

sourced.236 It is particularly useful in providing crude vaccine effectiveness using routine 

monitoring/surveillance data wherein the vaccination status of the cases is known (either 

through self-reporting or by linking to vaccination records) but is not available/known for the 

non-cases and/or the population at risk.  Also, this method is an efficient way to identify 

changes in the effectiveness of the vaccine over time.236 However, it should be noted that 

since it is not possible to adjust the analyses for confounders (such as age or comorbidities), 

the screening method is more open to selection bias or confounding. Therefore, it is essential 

to stratify the analyses by the confounding variables or restrict the analyses to a more 

homogenous population, with similar age structure or characteristics, to reduce the risk of 
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bias.237 Furthermore, since the estimates of the vaccine coverage in the population is obtained 

from external sources (external standardisation), the vaccine effectiveness estimates obtained 

using the screening method may not be precise.236 

 

In the screening method, vaccine effectiveness is estimated by using the following equation: 

 

where PCV is the proportion of cases who were vaccinated and PPV is the proportion of 

population vaccinated.   

 

The screening method has been used to estimate vaccine effectiveness of several childhood 

vaccines against diseases such as pertussis,238 influenza,239 Haemophilus influenzae type b,240 

rotavirus105 and invasive pneumococcal disease.237 In this study, the screening method was 

used to estimate rotavirus vaccine effectiveness against notified rotavirus infections. 

 

9.8 Methods 

Similar to the methods described in Part A of this Chapter, case-subjects were children who 

had a notification for rotavirus on WANIDD. The cohort for the screening method analyses, 

were notified cases among children born between 1 Jan 2008 to 31 December 2010 with 

optimal date of onset of disease until 31 December 2011.  

 

Vaccination status of the cases were obtained from ACIR as detailed in Part A of this chapter. 

In order to be comparable with the estimated vaccination coverage in Western Australia as 

reported in the annual national immunisation coverage reports,233 the ‘last dose assumption’ 

was applied in this study. Under this assumption, the vaccination status of each child was 

assessed at 12 months of age and recorded as being fully vaccinated if the last dose of the 
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rotavirus vaccine (dose 2 for RV1 or dose 3 for RV5 ) was recorded on ACIR ≥14 days before 

the optimal date of onset, or unvaccinated if there were no rotavirus vaccine records on ACIR.  

 

Since coverage data on partial vaccination were not available at the population level, partially 

vaccinated cases were not included in the analysis. Children aged less than 2 months at the 

time of disease onset were excluded as were children whose records were not available on 

ACIR. All analyses were restricted to only children who were older than the age recommended 

for completion of the rotavirus vaccinations (24 weeks old for RV1 and 32 weeks old for RV5) 

at the time of notification.  

 

Logistic regression models with an offset for population vaccination coverage and a constant 

were fitted to the binomial data to estimate vaccine effectiveness and its associated 95% 

confidence intervals (CIs).236 The model approximates the vaccine effectiveness according to 

the equation mentioned above. Separate models were constructed for each annual birth 

cohort (2008, 2009 and 2010). Analysis were also conducted separately for Aboriginal and 

non-Aboriginal children but due to small case numbers the analyses were not stratified by 

year of birth. Data cleaning and analysis were performed using EpiBasic (version 4.2), and 

Stata (version 15). 

 

9.9 Results 

There were 490 notifications among children born 2008-2010. After excluding cases who were 

not age eligible to be fully vaccinated and restricting the age at notification to less than 24 

months, 234 notified cases were eligible for vaccine effectiveness analysis. Rotavirus 

vaccination coverage in Western Australia was reported to be 78.7% in 2008, 82.2% in 2009 

and 85.6% in 2010.241-243 
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The overall (2008-2010) vaccine effectiveness among children aged less than 24 months was 

70.2% (95% CI: 61.3, 77.0); Table 9.4. Although the point estimates varied slightly, rotavirus 

vaccine effectiveness was similar among those aged less than 12 months and those aged 12-

23 months; Table 9.4. For the period 2008-2010, among children aged less than 24 months, 

rotavirus vaccine effectiveness among Aboriginal children was 81.2% (95% CI: 60.9, 91.0) and 

63.4% (95% CI: 49.8, 73.3); Table 9.4. 

 

Table 9.4 Vaccine effectiveness (VE) estimates and 95% confidence intervals (CI) by 
Aboriginal status, year of birth and age at disease onset 

Birth 
cohort 

Age group 
n/N <12 months* 

VE % (95% CI) 
n/N 12-23 months 

VE % (95% CI) 
n/N <24 months* 

VE % (95% CI) 
Overall       
2008 40/58 51.9 (16.1, 72.4) 42/65 60.5 (34.3, 76.2) 82/123 56.7 (37.0, 70.2) 
2009 14/29 84.3 (67.5, 92.4) 26/50 81.8 (68.3, 89.5) 40/79 82.7 (73.2, 88.9) 
2010 8/10 76.8 (41.2, 90.8)  8/14 61.3 (-11.6, 86.6) 16/32 71.0 (41.9, 85.5) 
2008-2010 62/105 69.3 (54.6, 79.2) 76/129 70.9 (58.6, 79.5) 138/234 70.2 (61.3, 77.0) 

       
Aboriginal#       
2008-2010 7/21 76.3 (41.1, 90.5) <5/15 89.4 (62.3, 97.0) 10/36 81.2 (60.9, 91.0) 

       
Non-Aboriginal#      
2008-2010 51/74 59.3 (33.4, 75.1) 67/102 59.3 (33.4, 75.1) 118/176 63.4 (49.8, 73.3) 

       
*The lower age limit corresponds to 24 weeks for RV1 and 32 weeks for RV5 
N=Total number of rotavirus notifications; n=number of cases fully vaccinated 
#Due to small numbers in each annual birth cohort, only overall (2008-2010) is reported 
VE: Vaccine effectiveness 
CI: Confidence interval 

 

9.10 Discussion 

This study has shown rotavirus vaccines to be effective in preventing rotavirus infection. In the 

stratified analysis and in the pooled analysis, a complete course of the vaccine exhibited a 

vaccine effectiveness of approximately 70% (95% CI: 61.3, 77.0) among children aged less than 

24 months. No differences were observed between children aged less than 12 months or 

those aged 12-23 months indicating that the protective effect of the vaccine continued even 
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after the first year of life. Compared to non-Aboriginal children, the observed point estimates 

among Aboriginal children were higher but again, the overlapping confidence intervals 

indicate no statistically significant differences in vaccine effectiveness between the two 

groups. 

 

In this study, although the estimated confidence intervals showed considerable overlap 

indicating similar protective effect of the vaccine in the different years, the point estimates for 

the vaccine effectiveness showed variability by year of birth with considerably lower estimates 

observed in the 2008 birth cohort. In general, the effectiveness of a vaccine varies from year 

to year depending on the strains of the target pathogen circulating in the community. 

However, the observed differences in this study in the protective effect of rotavirus vaccine by 

year is probably due to differences in vaccination coverage in that year. The accuracy of the 

estimates of vaccination coverage in the wider population has a substantial impact on the 

vaccine effectiveness estimates derived from the screening method – for example if the 

coverage in the population is overestimated then the vaccine effectiveness estimates will also 

be overestimated in this method.237 In Western Australia, rotavirus vaccine was included in 

the national immunisation program in mid-2007 and coverage improved from below 70% in 

late 2008 to almost 85% in late 2010.243 Post 2010, vaccination coverage for rotavirus has 

plateaued and been consistent hovering around the 89% mark.196 

 

Despite the inherent biases in the screening method, the vaccine effectiveness estimates and 

findings obtained in using the screening method are not different (with overlapping 

confidence intervals) to the estimates obtained in the case-control study described earlier in 

Part A of this chapter (section 9.4). The screening method is an expedient and inexpensive 

way of eliciting vaccine effectiveness when comprehensive denominator data is not available 

for a more robust estimation of the effectiveness estimates. The strength of our study is the 
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use of validated estimates for vaccination coverage in the population from the ACIR. If 

anything, due to under reporting to ACIR,244 the vaccine effectiveness estimates in this study is 

likely to be an underestimate.  

 

In conclusion, this study has demonstrated the use of the screening method to obtain vaccine 

effectiveness of rotavirus vaccines in Western Australia. The screening method is an 

inexpensive and rapid means of estimating vaccine effectiveness, especially as a preliminary 

estimate to indicate whether the effectiveness of the vaccine is within limits and to determine 

if further evaluation is warranted.245 Furthermore, this method is of particular use in 

jurisdictions with sufficient cases but no denominator data. However, since the screening 

method does not allow adjusting for confounders, this method is not recommended obtaining 

robust vaccine effectiveness in a setting with considerable variation in the population 

characteristics.   



 

 

 

 

 

 

Chapter 10 

ROTAVIRUS VACCINATION 

AND INTUSSUSCEPTION 

Chapter 10 Rotavirus vaccination and 

intussusception 
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10.1 Preamble 

As detailed in Chapter 8, the upper age restriction for rotavirus vaccine is the main driver of 

the suboptimal coverage of these vaccines compared with other vaccines with a similar infant 

schedule. Strict age restrictions have been imposed because of concerns about the risk of 

intussusception following receipt of rotavirus vaccine. Addressing aim 5 of this thesis, this 

chapter summarises the analyses which aimed to assess the safety profile of rotavirus 

vaccines in Western Australian infants. The specific aims were to assess the temporal trends 

of intussusception-coded hospitalisations and the associated pathogens, prior to and after the 

commencement of the universal rotavirus vaccination program in Western Australia in 2007.  

 

The manuscript entitled ‘Association between rotavirus vaccination and intussusception in 

Australian children: a record linkage study’, detailing the results of this analysis, has been 

submitted to Paediatric and Perinatal Epidemiology as an original research paper. A copy of 

the submitted paper and the contributions of all co-authors on this manuscript are provided in 

Appendix 5. I collated and cleaned the data, conducted all analyses and wrote the first draft of 

the manuscript. The submitted manuscript is presented here in its entirety with some 

exclusions – details regarding the background, study setting and methodology already 

presented in the previous chapters have been omitted from Sections 10.3 and 10.4 to 

minimise duplication.  

 

10.2 Introduction 

Intussusception, which predominantly occurs in infants and young children, is a form of 

intestinal obstruction caused by the self-invagination of the bowel; it can be fatal if not 

treated by enema reduction or surgery.246 The burden of intussusception in infants in their 

first year of life is estimated to be 74 per 100,000 children with peak incidence among infants 

aged 5-7 months.247 The aetiology of paediatric intussusception is not fully understood – it is 
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usually idiopathic but sometimes occurs in a number of infective and non-infective 

conditions.248 Adenovirus (including non-enteric adenovirus), enterovirus and rotavirus are the 

most common pathogens identified in stool samples from children with intussusception.249-251  

 

The first licensed oral rotavirus vaccine, RRV-TV (rhesus rotavirus—tetravalent; RotaShield), 

was withdrawn from use in 1999 once an increased risk of intussusception was identified in 

the first 1-2 weeks following receipt of the first and second dose.252 Both RV1 and RV5 were 

shown to be efficacious and safe with no increased risk of intussusception in pre-licensure 

clinical safety trials.58,220 Post-licensure surveillance studies, including studies from Australia, 

have shown a small but significant increased risk of intussusception following rotavirus 

vaccination, especially after receipt of the first dose.124,160,253,254  

 

In Australia, there is a paucity of population-level data on temporal trends of intussusception 

pre- and post-rotavirus vaccine introduction. Using total population-based linked data, the 

aim of this study was to examine the temporal trends in intussusception-coded 

hospitalisations in young children prior to and following introduction of the rotavirus vaccine 

program in Western Australia. We also aimed to investigate the perinatal risk factors and 

identify the pathogens associated with these hospitalisations.    

 

10.3 Methods 

10.3.1 Data sources 

We conducted a retrospective record linkage cohort study of all live births in Western 

Australia between 1 January 2000 and 31 December 2012, identified through the Midwives’ 

Notification System and/or the Birth and Death Registry. Both these datasets together capture 

nearly 100% of births in Western Australia. Individual-level data pertaining to the children in 

the birth cohort were probabilistically linked to hospitalisation separation records between 
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January 2000 and December 2013 (herein referred to as hospital admissions) from the 

Hospital Morbidity Data Collection, and routine faecal or blood specimen testing records 

between January 2000 and December 2013 from the PathWest Laboratory Medicine database 

(PathWest). All linkages were conducted through the Western Australian Data Linkage Branch.  

 

10.3.2 Hospital morbidity data 

We identified hospital admissions with an International Statistical Classification of Diseases 

10th edition, Australian Modification (ICD-10-AM) discharge diagnosis code of K56.1 

(intussusception) listed in the principal or in any of the twenty additional diagnostic fields. 

Inter-hospital transfers and transfers within the same hospital with the same diagnosis code 

were grouped into a single hospital admission. Intussusception-coded admissions within 30 

days of a previous intussusception-coded admission were grouped as a single episode. 

Surgical and/or non-surgical (air and/or barium enema) procedure codes (Table 10.1), listed in 

the principal or in any of the ten additional procedure codes of the intussusception-coded 

hospitalisation record were also identified. 

 

10.3.3 Pathology data 

Using the derived unique person identifier, all intussusception-coded hospital admissions 

were linked to the pathology records. A faecal or blood specimen pathology record was 

deemed to be related to an intussusception-coded hospitalisation if the date of specimen 

collection was within 48 hours of an intussusception-coded hospital admission. If the same 

person had multiple pathology records within the 48-hour period, results were merged onto 

the same admission record.  
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Table 10.1 Procedure codes associated with intussusception-coded hospitalisations 

Procedure code Description  
14212-00 Fluid reduction of intussusception. Includes: barium enema Non-

surgical 14212-01 Gas reduction of intussusception 
   

30373-00 Exploratory laparotomy; Includes: biopsy; Excludes: 
exploration incidental to intra-abdominal surgery 

Surgical 

30375-02 Colotomy 
30375-03 Enterotomy of small intestine 
30375-08 Reduction of intussusception of small intestine 
30375-09 Excision of Meckel's diverticulum 
30375-11 Reduction of intussusception of large intestine 
30375-19 Other repair of small intestine 
30375-24 Suture of small intestine 
30390-00 Diagnostic [exploratory] laparoscopy 
30478-18 Panendoscopy to ileum with excision of polyp 
30515-01 Enterocolostomy 
30566-00 Excision of Meckel's diverticulum with resection of small 

intestine with anastomosis 
32003-00 Limited excision of large intestine with anastomosis 
32003-01 Right hemicolectomy with anastomosis - Resection of 

ascending colon, hepatic flexure and part of the transverse 
colon (mid transverse colon) with formation of stoma 

32004-01 Extended right hemicolectomy with formation of stoma - 
Resection of ascending colon, hepatic flexure and 
transverse colon to the splenic flexure with formation of 
stoma 

32005-01 Extended right hemicolectomy with formation of 
anastomosis - Resection of ascending colon, hepatic flexure 
and transverse colon to the splenic flexure with formation 
of anastomosis 

43912-01 Repair of intestinal duplication 
43933-00 Intusussception, laparotomy and manipulative reduction of 
43936-00 Resection of intussusception, paediatric 
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For gastrointestinal bacterial pathogens, any positive culture or polymerase chain reaction 

(PCR) result from a blood or faecal specimen was considered to be the causative pathogen for 

that episode of infection. For viral pathogens, positive results from blood or faecal specimens 

on which gastrointestinal virus testing was conducted (including using antigen detection 

[example - immunofluorescent antibodies], PCR and viral culture) were considered to be 

causative. If multiple pathogens (bacterial, viral, or in combination) were identified in the 

same specimen (co-detection), the episode of infection was considered to have a coinfection. 

During the study period, only single pathogen PCR assays were available for use (i.e. multiplex 

PCR assays were not routinely available). 

 

10.3.4 Statistical analyses 

Using all intussusception-coded hospitalisations as the numerator and age-specific cohort 

person-time-at-risk as the denominator, incidence rates of intussusception-coded 

hospitalisations were calculated per 100,000 births. We initially grouped intussusception-

coded hospitalisations in the following age groups: less than 2 months, 2-3 months, 4-5 

months, 6-7 months, 8-11 months, 12-23 months and 2-4 years. Due to no or small number of 

intussusception-coded hospitalisations in particular age groups and also, in order to 

specifically capture the age window of interest for intussusception (2-7 months old), the age 

groups were refined to 2-7 months, 8-11 months, 12-23 months and 2-4 years. We estimated 

the incidence rate ratios with 95% confidence intervals (CIs) across different age groups, 

between those born in the pre-rotavirus vaccine period (2000-2006) and post-rotavirus 

vaccine period (2008-2012). To address the possibility of misdiagnosis of intussusception, a 

post hoc sensitivity analysis was performed by restricting the outcome to only those 

intussusception-coded hospitalisations that had a procedure code(s) listed; intussusception 

rarely resolves without intervention and so it is expected that this outcome is more specific 

but possibly less sensitive. Pathogen-specific intussusception-coded hospitalisation rates in 
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children aged less than 5 years with associated 95% CIs were also calculated, comparing the 

pre-rotavirus and post-rotavirus vaccine periods. Since the rotavirus vaccine program was 

introduced in 2007, data from 2007 were excluded in all the trend analyses. 

 

Risk factors for intussusception were chosen a priori, based on known association with 

intussusception- and/or gastroenteritis-related hospitalisations in children and data 

availability, including mode of delivery, maternal age at delivery. season of birth, pre-term 

birth, socio-economic status, gestational age, sex and period of birth (pre- or post- rotavirus 

vaccination introduction).203 Cox proportional hazards regression was used to calculate the 

adjusted hazard ratios and the associated 95% CIs for the association between the 

independent exposure variables and first intussusception-coded hospitalisation. The censor 

date was set to the date of first hospitalisation for intussusception, date of death or end of the 

study period (December 31, 2013), whichever occurred first. Separate models were conducted 

to assess perinatal risk factors for first intussusception-coded hospitalisation in infants aged 

less than 12 months, those aged 12-23 months and those aged 2-4 years. Univariate analyses 

of each exposure variable were first conducted, and only factors with p-value ≤0.2 were 

included in the multivariate models. Data cleaning and analyses were conducted using Stata 

(version 15.1). 

 

10.3.5 Ethical approvals 

This study was conducted with approvals from the Western Australian Department of Health 

Human Research Ethics Committee, the Western Australian Aboriginal Health Ethics 

Committee and the University of Western Australia Human Research Ethics Committee. As per 

the request of the data custodians, individual table cell sizes of less than 5 have been 

suppressed. 
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10.4 Results 

The birth cohort comprised 367,476 children born in Western Australia between 2000 and 

2012; 6.7% identified as Aboriginal. Over the course of the 14-year study period (2000-2013), 

431 (Aboriginal n=10) intussusception-coded hospital admissions were identified among 

children in the cohort in their first 5 years of  life, of whom 133 (30.9%) were aged less than 8 

months, 87 (20.2%) were 8-11 months old, 114 (26.4%) were 12-23 months old and 97 (22.5%) 

were 2-4 years old. The male to female ratio was approximately 3:2 in all age groups. Only 10 

(2.3%) intussusception-coded hospital admissions occurred in Aboriginal children. The median 

age for intussusception-coded hospitalisations was similar in both the pre-rotavirus and 

rotavirus vaccination periods - 11 months (interquartile range [IQR]: 7-22 months) among 

non-Aboriginal children and 8 months (IQR: 6-40 months) among Aboriginal children. The 

median length of hospital stay was 2 days (IQR: 2-3 days). Of the 431 intussusception-coded 

hospitalisations, 240 (55.7%) had a procedure code listed on their hospital record; 72 (30.0%) 

of these had a procedure code for surgical intervention and 168 (70.0%) had a procedure code 

for a non-surgical intervention.  

 

The overall rate of intussusception-coded hospitalisation among children aged less than 5 

years was 26.4 per 100,000 child-years (95% CI: 24.0-29.0); with the highest rate among 

children aged less than 12 months (Table 10.2). The rate of intussusception-coded 

hospitalisation among Aboriginal children aged less than 5 years was significantly lower than 

among non-Aboriginal children: 9.1 (95% CI: 4.9, 16.9) vs 27.7 (95% CI: 25.1, 30.4) per 100,000 

child-years (IRR: 0.33; 95% CI: 0.18, 0.62). Compared to children born in the pre-rotavirus 

vaccine period (2000-2006), intussusception-coded hospitalisation rates were 70% higher 

(95%CI: 39, 107) among those born in the rotavirus vaccine period (2008-2012). The crude 

rate ratios were significantly greater than one among children aged 12-23 months (IRR: 1.55; 

95% CI: 1.05, 2.27; Table 10.2) and 2-4 years (IRR: 1.84; 95% CI: 1.20, 2.82; Table 10.2). 
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Although increases in the hospitalisation rate in the rotavirus period were observed among 

children aged 2-7 months and 8-11 months, they were not statistically significant (Table 10.2). 

Rates of intussusception-coded hospitalisations associated with a procedure code(s) were 

similar among those born in the rotavirus vaccine period than in the pre-vaccine period (IRR: 

1.21, 95% CI: 0.91, 1.60) and there were no significant differences observed in any of the age-

groups (Table 10.3). 

 

Among children aged less than 12 months, male gender, non-Aboriginal status, birth to 

multiparous mothers and birth in the rotavirus vaccine era were significant independent risk 

factors for intussusception-coded hospitalisation in the adjusted Cox model (Table 10.4). 

Among children aged 12-23 months, male gender was strongly associated with 

intussusception-coded hospitalisations (aHR: 2.80; 95% CI: 1.81, 4.33) but birth in the 

rotavirus vaccine period and birth to a mother with ≥2 previously recorded pregnancies were 

not (Table 10.4). Among children aged 2-4 years, none of the factors analysed were associated 

with hospitalisation for intussusception.  
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Table 10.2 Intussusception-coded hospitalisation rates per 100,000 among children aged 2 months-5 years: overall and by birth in the pre-rotavirus vaccine 
(RV) period (2000-2006) and RV period (2008-2012) 

Age group 2000-2012 Born in pre-RV period 
2000-2006 

Born in RV period 
2008-2012 IRRa 

Cases Rate (95% CI) Cases Rate (95% CI) Cases Rate (95% CI) IRR (95% CI) 
2-7 months 131 72.35 (60.96, 85.86) 56 63.32 (48.73, 82.28) 68 87.30 (68.83, 110.72) 1.38 (0.97, 1.96) 
8-11 months 87 69.84 (56.60, 86.17) 40 65.75 (48.23, 89.63) 36 67.17 (48.45, 93.12) 1.02 (0.65, 1.60) 
12-23 months 114 31.51 (26.23, 37.86) 46 25.72 (19.26, 34.33) 61 39.78 (30.95, 51.13) 1.55 (1.05, 2.27) 
2-4 years 97 10.75 (8.81, 13.11) 43 8.02 (5.95, 10.81) 41 14.76 (10.86, 20.04) 1.84 (1.20, 2.82) 
Total  429 27.30 (24.84, 30.01) 185 21.40 (18.53, 24.72) 206 36.61 (31.94, 41.97) 1.71 (1.40, 2.09) 
a Incidence rate ratio comparing rates among children born 2008-2012 with those born 2000-2006  
CI: Confidence interval 

 
Table 10.3 Intussusception-coded hospitalisation rates per 100,000 among children aged <5 years: overall and by birth in the pre-rotavirus vaccine (RV) period 
(2000-2006) and RV period (2008-2012).  
(Results from the post hoc analyses after restricting outcome to intussusception-coded hospitalisations associated with intussusception treatment-related 
procedure code(s)) 

Age group 2000-2012 Born in pre-RV period 
2000-2006 

Born in RV period 
2008-2012 IRRa 

Cases Rate (95% CI) Cases Rate (95% CI) Cases Rate (95% CI) IRR (95% CI) 
2-7 months 70 38.66 (30.59, 48.86) 34 38.45 (27.47, 53.81) 32 41.08 (29.05, 58.09) 1.07 (0.64, 1.78) 
8-11 months 61 48.97 (38.10, 62.93) 30 49.31 (34.48, 70.52) 22 41.05 (27.03, 62.34) 0.83 (0.46, 1.49) 
12-23 months 67 18.51 (14.57, 23.51) 31 17.33 (12.19, 24.64) 32 20.87 (14.76, 29.51) 1.20 (0.71, 2.04) 
2-4 years 42 4.65 (3.43, 6.29) 25 4.66 (3.15, 6.90) 10 3.60 (1.94, 6.69) 0.77 (0.33, 1.66) 
Total 240 14.70 (12.96, 16.69) 120 13.42 (11.22, 16.05) 96 16.30 (13.35, 19.91) 1.21 (0.91, 1.60) 
a Incidence rate ratio comparing rates among children born 2008-2012 with those born 2000-2006  
CI: Confidence interval 
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Table 10.4 Adjusted hazard ratios (aHRs) for association between perinatal factors and intussusception-coded hospitalisation by age group 

Risk factor <1 year 12-23 months 2-4 years 
aHR (95%CI) aHR (95%CI) aHR (95%CI) 

Sex    
Female 1.00 1.00 1.00 

Male 1.36 (1.04, 1.79) 2.80 (1.81, 4.33) 1.46 (0.96, 2.23) 
    
Aboriginal status    

Non-Aboriginal 1.00 1.00 1.00 
Aboriginal 0.38 (0.17, 0.86) NA 0.66 (0.24, 1.80) 

 
Number of previous pregnancies    

<2 1.00 1.00 1.00 
>=2 1.19 (1.04, 1.36) 1.08 (0.89, 1.31) 0.93 (0.75. 1.15) 

 
Birth period    

Pre-rotavirus vaccine period (2000-2006) 1.00 1.00 1.00 
Rotavirus vaccine period (2008-2012) 1.35 (1.03, 1.77) 1.41 (0.96, 2.08) 1.38 (0.92, 2.09) 

    
CI: Confidence interval 
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Two hundred and sixty (60.3%) of all intussusception-coded hospitalisations linked to a 

laboratory record for pathogen testing from faecal or blood specimens and, of these, 46.9% 

had ≥1 pathogen(s) identified (Figure 10.1). The proportion of hospitalisations that linked to a 

laboratory test record was higher in the rotavirus vaccine period compared to the pre-

rotavirus vaccine period (71.9% vs 38.7%) indicating increased pathogen testing in the 

rotavirus vaccine period (Figures 10.1 and 10.2); among those tested, the identification of ≥1 

pathogen(s) was also higher in the rotavirus vaccine period (54.5% vs 20.7%; Figure 10.1). 

Adenovirus (64/260), rotavirus (26/260) and enterovirus (29/260) were the most common 

pathogens identified among intussusception-coded hospitalisations (Table 10.4). Compared to 

children born in the pre-rotavirus vaccine period, the rate of adenovirus-positive and 

enterovirus-positive intussusception-coded hospitalisation was 4.11 times (95% CI: 2.29-7.76) 

and 3.60 times (95% CI: 1.53-9.39) higher among children born in the rotavirus vaccine period 

respectively (Table 10.4). No significant change in the rate of rotavirus-positive (IRR: 1.60; 95% 

CI: 0.69, 3.78) or norovirus-positive hospitalisation (IRR: 3.08; 95% CI: 0.86, 13.70) was 

observed between the two birth periods.  

 

The frequency of rotavirus-positive intussusception-coded hospitalisations was higher among 

those aged less than 6 months in the rotavirus vaccine period than in the pre-rotavirus vaccine 

period. Additionally, the median age of rotavirus-positive intussusception-coded 

hospitalisations was lower in the rotavirus vaccine period than in the pre-vaccine period (4 

months [IQR:3-10] vs 14 months [IQR:13-18]; p=0.007) (Figure 10.2). The median age for 

adenovirus-positive intussusception-coded hospitalisation was lower in the rotavirus vaccine 

period than in the pre-vaccine period (10 months [IQR:7-15] vs 17 months [IQR:13-18]; 

p=0.018). 
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Figure 10.1 Flowchart showing linkage of PathWest laboratory data to intussusception-coded hospitalisations (2000-2014) among children aged less than 5 
years
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Figure 10.2 Frequency of rotavirus-tested and adenovirus-tested intussusception-coded hospitalisations among children aged <2 years by birth in the pre-
rotavirus vaccination period (2000-2006) and rotavirus vaccination period (2008-2012)
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Table 10.5 Pathogen-specific intussusception-coded hospitalisation rate (per 100,000 child-years) by year of birth among children aged less than 5 years   

Pathogens 
Birth 2000-2012 

Birth in pre-rotavirus  
vaccination period  

2000-2006 

Birth in rotavirus 
vaccination period  

2008-2012 IRRa 
(95% CI) Tested 

N=260 
Positive 

(%) Rate (95% CI) Tested 
N=94 

Positive 
(%) Rate (95% CI) Tested 

N=166 
Positive 

(%) Rate (95% CI) 

Adenovirus 144 64 (44.4) 3.92 (3.07, 5.01) 38 16 (42.1) 1.70 (1.04, 2.77) 106  48 (45.3) 6.97 (5.25, 9.25) 4.11 (2.29, 7.76) 
Rotavirus 202 26 (12.9) 1.59 (1.08, 2.34) 64 12 (18.8) 1.27 (0.72, 2.24) 138 14 (10.1) 2.03 (1.20, 3.43) 1.60 (0.69, 3.78) 
Enterovirus 129 29 (22.5) 1.78 (1.23, 2.56) 29 8 (27.6) 0.85 (0.42, 1.70) 100 21 (21.0) 3.05 (1.99, 4.68) 3.60 (1.53, 9.39) 
Norovirus 138 13 (9.4) 0.80 (0.46, 1.37) 35 <5 (<14.3) 0.42 (0.16, 1.13) 103 <10 (<9.7) 1.31 (0.68, 2.51) 3.08 (0.86, 13.70) 
Salmonella 204 6 (2.9) 0.37 (0.17, 0.82) 69 <5 (<7.2) 0.21 (0.05, 0.85) 135 <5 (<3.7) 0.58 (0.22, 1.55) 2.74 (0.39, 30.30) 
Othersb 260 19 (7.3) 1.16 (0.74, 1.82) 94 5 (5.3) 2.03 (1.20, 3.43) 166 14 (8.4) 0.53 (0.22, 1.27) 3.84 (1.31, 13.61) 
a Incidence rate ratio comparing rates among children born 2008-2012 with those born 2000-2006  
b Other pathogens include Cryptosporidium, Campylobacter species, Clostridium difficile, Escherichia coli, Aeromonas, Shigella species and Giardia species 
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10.5 Discussion 

The introduction of rotavirus vaccination has had a substantial impact on disease burden in 

both high-income and low- and middle-income settings, with significant reductions observed 

in both mortality and morbidity related to rotavirus and all-cause gastroenteritis.61 A 

systematic review estimated rotavirus effectiveness against hospitalisation for laboratory 

confirmed rotavirus gastroenteritis to be 89% (95% CI: 84, 92) in high-income countries and 

74% (95% CI: 75, 86) in middle-income countries.255 In Australia, significant declines in 

rotavirus-associated hospitalisations among children aged <5 years have been observed 

following the implementation of the universal rotavirus vaccination program, and studies have 

shown moderate-high vaccine effectiveness depending upon the study setting.104,105,112,117,167 

 

To our knowledge, this is the first study to use population-level birth cohort data to assess the 

epidemiology of all-cause and pathogen-specific intussusception-coded hospitalisations in 

relation to the introduction of rotavirus vaccine and to assess perinatal risk factors for 

intussusception. Several post-licensure studies have identified a small increased risk of 

intussusception following the first dose of rotavirus vaccine.160,253 In our study, although there 

was a 70% increase in overall intussusception-coded hospitalisations in the rotavirus vaccine 

era, the increase was no greater in the 2-7 month old vaccine-eligible cohort (40%)  than in 

those aged 12-23 months (55%) and those aged 2-4 years (84%), suggesting the apparent 

increase is not attributable to the rotavirus vaccine program. Furthermore, there was no 

significant change in rates of intussusception-coded hospitalisation associated with a 

procedure code suggesting that part of the increase may be due to less specific application of 

the intussusception code over time. 
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There was a 60% increase in the rate of rotavirus-positive intussusception-coded 

hospitalisation in the rotavirus vaccine period, although the numbers were few and not 

statistically significant. More strikingly, adenovirus-positive intussusception-coded 

hospitalisation rates were more than 4 times higher in the rotavirus vaccine period than in the 

pre-vaccine period. The association of adenovirus (especially human adenovirus C) with 

intussusception has been found by previous studies while the evidence for a causal effect of 

natural rotavirus infection has been inconclusive.249-251 It must be noted that the number of 

hospitalisations that linked to a laboratory record increased by approximately one-third in the 

rotavirus vaccine period, so it is possible that the observed increased incidence of pathogen-

specific intussusception-coded hospitalisations is due to increased testing. 

 

Male sex was identified as an independent risk factor for intussusception-coded 

hospitalisations in all age groups. This finding is consistent with previous studies of 

intussusception epidemiology, and may be attributable to a higher density of mesenteric 

lymphoid tissue in males.210,256 Among infants aged less than 12 months, those with 2 or more 

older siblings had a 20% greater risk of intussusception than those with none or only one older 

sibling. Having older siblings may increase the risk of exposure to intussusception-causing 

infections. Consistent with other Australian studies, the incidence of intussusception-coded 

hospitalisations was appreciably lower among Aboriginal children than non-Aboriginal 

children.210,257 Variation in incidence among different ethnicities has been observed in some, 

but not all, previous studies.258 Although differences in weaning practices, socioeconomic 

status and infection prevalence have been hypothesised to contribute to ethnic disparities, a 

study comparing Australian and Vietnamese children did not find any difference in the 

pathophysiology of intussusception in the two ethnic groups.249 
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The strength of this study is the use of a large comprehensive population-based cohort, 

spanning the pre- and post-rotavirus vaccine periods, using validated health administrative 

datasets. Furthermore, because of our ability to link the intussusception-coded 

hospitalisations to their laboratory testing data, our data included both positive and negative 

results. This enabled us to look at temporal changes of pathogen-specific intussusception-

coded hospitalisations in the context of changes in testing patterns over time.  

 

Our study has some limitations. This is an ecological analysis without individual linkage to the 

child’s rotavirus immunisation status and thus, the relationship between rotavirus vaccination 

and the individual risk of intussusception could not be assessed directly. We have necessarily 

assessed the apparent impact of the universal vaccine program on intussusception rates, 

rather than the individual risk attributable to vaccination per se.  We relied on ICD codes to 

identify intussusception-coded hospitalisations. Chart reviews conducted in Australia and 

elsewhere have shown that 12-54% of all ICD-coded episodes of intussusception do not meet 

the Brighton level 1 criteria for a definitive diagnosis of intussusception124 and so, cases may 

have been misclassified and the rates overestimated.  This is reflected in the lower estimates 

of the rates obtained in our sensitivity analyses wherein the specificity of the outcome was 

increased by restricting the outcome to only those intussusception-coded hospitalisations that 

had a procedure code listed. Also, heightened awareness of the possibility of intussusception 

following rotavirus vaccination could have resulted in over-diagnosis and increased virus 

testing after the introduction of the vaccine. Finally, the increased use of molecular methods 

for testing (including PCR) over the study period is likely to have influenced the identification 

of the pathogens in the pre-rotavirus and rotavirus vaccination periods. 
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In conclusion, there has been an apparent increase in intussusception-coded hospitalisations 

in WA in the rotavirus vaccine era, but this increased risk was most evident in children aged 

≥12 months and so is not plausibly attributable to vaccination. The magnitude of the direct 

and indirect protection afforded by rotavirus vaccines against rotavirus gastroenteritis, 

globally and in Australia, far outweighs the minimal increased risk of intussusception following 

rotavirus vaccination.  
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11.1 Preamble 

The objective of this body of work was to provide a comprehensive overview of the 

epidemiology of rotavirus-specific gastroenteritis and all-cause gastroenteritis in the 

Aboriginal and non-Aboriginal population in Western Australia. It also aimed to evaluate the 

impact of the funded rotavirus vaccination program (including coverage, vaccine effectiveness 

and safety profile) in Western Australia. This Chapter summarises the key findings of the 

studies presented in this thesis with a critical review of the strengths and limitations of this 

body of work.  The implications of the findings of this thesis on practice and policy and the 

future research priorities identified by these findings are also discussed. 

 

11.2 Summary of the major findings 

The findings from this study demonstrate the changing epidemiology of rotavirus-specific and 

all-cause gastroenteritis in the Western Australian population. The burden of laboratory-

confirmed rotavirus notifications and gastroenteritis-coded hospitalisations was observed to 

be higher in the Aboriginal than non-Aboriginal population in general and the highest among 

all children aged less than 24 months. Compared to the pre-rotavirus vaccine period, 

significant reductions in hospital admissions and notifications for rotavirus gastroenteritis 

were seen, following the introduction of the vaccination program in Western Australia in mid-

2007, in both vaccinated and unvaccinated children aged less than 5 years. Also, a significant 

increase in rotavirus diseases burden was observed among adults aged ≥65 years reflecting 

the susceptibility of this population to rotavirus infection.  

 

Aboriginality, male gender, maternal age <20 years, pre-term birth, low birthweight, residence 

in remote regions of WA and birth in the pre-RV era were identified as significant independent 

risk factors for gastroenteritis-coded hospitalisations children. The PAFs suggest that 39% of 

all gastroenteritis-coded hospitalisations in non-Aboriginal children (38% in Aboriginal 
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children) could be averted if all children receive the rotavirus vaccine. The subpopulations 

associated with low rotavirus vaccine coverage were similar to the risk factors identified for 

gastroenteritis in this study. Vaccine coverage analysis suggested that the upper age 

restriction for rotavirus vaccines was the major driver of lower coverage for rotavirus 

vaccination (85.4% among non-Aboriginal children and 73.3% among Aboriginal children) 

when compared with other routine infant vaccines with the same administration schedule like 

diphtheria-tetanus-pertussis vaccine (≥90% uptake among both Aboriginal and non-Aboriginal 

children). 

 

The adjusted vaccine effectiveness against laboratory-confirmed rotavirus notification, using 

the case-control study design, for a full course of either rotavirus vaccines was 72% (95% CI: 

56, 82) and 71% (95% CI: 50, 84) for partial vaccination (one dose of RV1 or one/two doses of 

RV5). The vaccine effectiveness for a complete 3-dose course of RV5 was 82% (95% CI: 59, 92) 

and for a full 2-dose course of RV1 was 73% (95% CI: 55, 83). The point estimates of the 

vaccine effectiveness estimates obtained using the screening method were not significantly 

different to the estimates from the case-control study. Among children aged less than 5 years, 

a 70% (95%CI: 39, 107) increase in intussusception-coded hospitalisation rates was observed 

after RV introduction in WA. Since this increased risk was most evident in children aged ≥12 

months, it is unlikely to be directly attributable to RV.  Adenovirus detection was strongly 

associated with intussusception. 

 

11.3 Strengths of the project 

The strengths of this body of research include the use of population-based datasets, use of 

record linkage including linkage of the national immunisation register to administrative health 

datasets and the use of multiple data sources and different methodological approaches to 

address the research question. 
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A key strength of this body of work is the use of comprehensive population-based cohorts 

using routinely collected administrative health datasets that have been validated for 

accuracy.185 The long established data sources used in the research presented in this thesis 

enabled the description and investigation of epidemiological patterns spanning both pre- and 

post-rotavirus vaccine periods. In this thesis, the use of population-level notification and 

hospitalisation data has enabled accurate estimation of the population level burden of disease 

for all-cause and rotavirus-specific gastroenteritis in Western Australia. Also, the use of 

population-level datasets made it possible to stratify the analyses to report on sub-

populations.  

 

This research has provided estimates of the burden of disease, risk factors for gastroenteritis 

hospitalisations and the impact of rotavirus vaccine at the population-level by age, 

Aboriginality (the availability of reliable data on Aboriginal status made it possible to compare 

between Aboriginal and non-Aboriginal population) and across the different geographical 

regions of Western Australia. The population of Western Australia has been shown to be 

representative of Australia.259 Also, the burden and vaccine impact estimates derived from 

analyses of total population-based datasets represent real-world conditions and are 

generalisable to other geographical settings with similar population demographics. Therefore, 

the results of this thesis are relevant to not only the Australian population, but also to other 

high-income countries.  

 

Western Australia has been a pioneer in the field of record linkage and to date, remains one 

of the few settings in the world to have a well-established linkage infrastructure. Record 

linkage of administrative health datasets enable the understanding of an individual’s health 

and health pathways over time due to the availability of complete and accurate information 

on the demographics and health conditions of each individual in these datasets. In Western 
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Australia, the administrative health datasets are of high quality with minimal missing data 

since they are subject to regular quality assurance reviews and are routinely validated.138,185 In 

this research, the use of record linkage to link birth and perinatal records to hospitalisation, 

death, vaccination and disease notification records resulted in the creation of rich, high 

quality datasets with a wide variety of data fields and variables available at the population 

level which made it possible to adjust for confounders for the whole population.260 For 

example, the perinatal characteristics and risk factors were available for the whole cohort and 

not just for the children who were hospitalised and thus, estimates of the exposure or 

prevalence of the risk factors for the entire cohort was available. This enabled the calculation 

of population attributable fractions and thereby quantify the contribution of each risk factor 

to the burden of gastroenteritis in the population. Also, the completeness of administrative 

health datasets minimises the effects of selection bias and attrition bias (loss to follow-up), 

especially in a setting like Western Australia with minimal rates of migration. The use of birth 

cohort with nearly 15 years of follow-up time enabled the assessment of the impact of 

rotavirus vaccination on the temporal trends of hospitalisations for gastroenteritis (Chapter 5) 

and intussusception (Chapter 10). 

 

Post-licensure evaluation of immunisation programs, including vaccination coverage and 

vaccine effectiveness studies, are generally conducted using data restricted to specific study 

sites or rely on self-reported surveys. The immunisation register in Australia is one of only a 

limited number of purpose-built national immunisation registers in the world and captures 

individual immunisation records of 99% of the target population nationally.214 Through the 

linkage of a large comprehensive birth cohort (and associated health and demographic data) 

to individual-level data from this national immunisation register, this is the first body of 

research to look at population-level rotavirus vaccination coverage at recommended time 
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points among various population sub-groups; and identify patterns and predictors of uptake 

of rotavirus vaccination available through a nation-wide funded immunisation program.  

 

Another strength of this thesis is the inclusion of pathology data to assess the pathogens 

associated with intussusception. Western Australia is one of the very few settings worldwide 

that have access to linked laboratory data. To my knowledge, this is the first study to examine 

the pathogens associated with intussusception prior to and following introduction of the 

rotavirus vaccination program. The availability of both positive and negative results for 

pathogen testing has enabled the assessment of the temporal changes of pathogen-specific 

intussusception-coded hospitalisations in the context of changes in testing patterns over time 

at a population level (Chapter 10).  

 

Finally, this thesis assessed the impact of rotavirus vaccination on the burden of all-cause and 

rotavirus-specific gastroenteritis using multiple data sources, various epidemiological and 

statistical methods (including interrupted time-series analysis, Cox regression modelling, 

logistic regression modelling) and appropriate study designs (including retrospective cohort 

and case-control study). The comparability and consistency of the estimates of the impact of 

rotavirus vaccination across the various approaches in this thesis as well as to published 

literature adds validity and robustness to the study findings of this thesis. For example, the 

estimates for vaccine effectiveness of rotavirus vaccines obtained using the case-control study 

design and the screening method (Chapter 9) were consistent with each other and to 

previously published research in Australia and elsewhere.227,228  

 

11.4 Limitations 

Use of routinely collected administrative health outcome data like hospital admissions data 

rely upon discharge diagnosis codes to identify the disease of interest. Compared to 
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confirmed laboratory evidence, discharge diagnosis codes based on clinical evidence may not 

be as specific. There is also the possibility of random errors arising from misclassification in 

the coding – for example, around the time of rotavirus vaccine introduction, heightened 

awareness of rotavirus could have resulted in increased testing for rotavirus and/or the 

assignment of the specific code of rotavirus to non-rotavirus gastroenteritis in healthcare 

setting. Also, administrative datasets do not capture all possible risk factors or confounders 

that could potentially be related to the disease of interest and/or being vaccinated. For 

example, the datasets used in this thesis lacked information about breastfeeding, day care 

attendance, living conditions, personal beliefs, conscientious objectors of vaccination and 

more direct measures of socioeconomic status (like household income). However, compared 

to the benefits awarded by using these readily available datasets through record-linkage, 

these limitations are minimal. 

 

The total burden of rotavirus gastroenteritis in the community has not been ascertained in 

this thesis - the rotavirus disease burden reported in this thesis reflects only moderate to 

severe rotavirus disease requiring medical attention. Most episodes of gastroenteritis are 

managed at home or through outpatient facilities without warranting hospital admission. 

Also, not every child who presents to a general practitioner with symptoms of gastroenteritis 

undergoes rotavirus testing and subsequent notification and so, the included cases may not 

be representative of all rotavirus infections in the community. However, rotavirus vaccines are 

not designed to generate complete immunity against rotavirus infection – the goal of these 

vaccines is to mimic natural infection and thereby reduce severe manifestation of the disease 

requiring medical attendance. Therefore, the estimates of the impact and effectiveness 

against medically attended rotavirus infection reported in this thesis are valid.  
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11.5 Implications of research findings for practice and policy 

The major findings outlined in this thesis have several implications for public health practice 

and policy with regards to current and future strategies for prevention of gastroenteritis. In 

pre- and post-licensure studies, both RV1 and RV5 have demonstrated efficacy and 

effectiveness against rotavirus gastroenteritis however, the effectiveness of rotavirus vaccine 

have been shown to vary from region to region.58,220,227,228 This body of research has 

demonstrated the direct and indirect ‘real-world’ effectiveness of the vaccine in preventing 

disease burden attributable to rotavirus in the Western Australian population. Through the 

analyses of total population-based data, this research has shown that following the 

introduction of the rotavirus vaccination program, the risk of rotavirus-coded and non-

rotavirus acute gastroenteritis-coded hospitalisations reduced by more than 50% among both 

vaccinated and unvaccinated Aboriginal and non-Aboriginal children. Also, the lack of 

conclusive evidence on the association of intussusception with receipt of rotavirus vaccine in 

Western Australia demonstrates the safety of rotavirus vaccines in this population. These 

findings support the continued use of rotavirus vaccination in infants and can be used to 

promote public confidence in rotavirus vaccination which, in turn, can be used to potentially 

boost uptake of the vaccine.  

 

This body of research has shown that, even with a funded universal rotavirus vaccination 

program in place, gastroenteritis continues to be a cause of health disparity between 

Aboriginal and non-Aboriginal children with hospitalisation rates nearly 5 times higher in 

Aboriginal than non-Aboriginal children in Western Australia. Other than the Aboriginal 

population, the burden of gastroenteritis has been shown to be high in several other 

subpopulations including children with low birth weight, pre-term birth, children born by 

caesarean section, residence in remote regions of Western Australia and low socio-economic 

status. This thesis has also demonstrated that rotavirus vaccination coverage in these high-risk 
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subpopulations remains suboptimal. Considering the existence of the universal rotavirus 

vaccination program in Western Australia, targeted health promotion efforts (including 

improving access to primary health services in the remote regions of Western Australia and 

text messaging reminders for immunisation) should be taken to optimize rotavirus vaccination 

coverage in the high-risk population groups identified in this study.  

 

A review of the recommended timing of rotavirus vaccination should be undertaken. This 

research has provided evidence that the upper age restriction of rotavirus vaccination is the 

main driver of lower coverage of rotavirus vaccination in the population, especially among 

Aboriginal infants in whom on-time vaccine uptake estimates were as low as 45% in some 

population subgroups. Furthermore, the risk of intussusception has also been shown to be 

minimal in this population. Therefore, apart from the implementation of appropriately 

targeted vaccination strategies (such as active reminders) among the groups identified as 

having suboptimal vaccine uptake, relaxing the upper age restrictions for rotavirus vaccination 

(as recommended by the World Health Organisation for countries with high burden) should be 

considered as a readily implementable strategy for improving overall vaccine uptake in the 

population.  

 

The impact of rotavirus vaccination at the population-level in Western Australia is 

considerable and complex. In this research, significant declines were observed in 

hospitalisations and notifications, attributable to rotavirus, among both vaccinated and 

unvaccinated children. However, this study did not find evidence of indirect effect (herd 

immunity) among adults and the results showed a significant increase in rotavirus-coded 

hospitalisations among adults aged ≥65 years denoting the susceptibility of this population to 

rotavirus. Keeping in mind the documented increase in the burden of rotavirus disease in the 
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elderly population, vaccine decision makers need to consider the value and benefit of 

rotavirus vaccination in this population. 

 

11.6 Future directions 

In addition to recommendations for policy, this thesis has led to further research questions 

and identified several areas for future research.  

 

11.6.1 Pathogen-specific burden of gastroenteritis 

Despite the substantial impact of rotavirus vaccines on the burden of gastroenteritis, this 

research has shown that there still exists an unresolved burden of all-cause and rotavirus-

specific gastroenteritis in the population. Aside from rotavirus, a range of pathogens – 

bacteria, viruses and protozoa cause gastroenteritis but these pathogens are highly variable 

between geographical regions, seasons and populations.261-264 Accurate data on causative 

pathogens for community-acquired gastroenteritis are needed to guide both medical 

management and public health interventions. Pathogen data relevant to Western Australia 

are limited. Western Australia is a unique setting, covering a large geographical area with 

significant variation in climate and population across the state. Also, there is a marked 

disparity in diseases burden between the Aboriginal and non-Aboriginal population. This could 

potentially be due to the difference in the disease-causing pathogens in these two groups. 

This underlines the importance of a more holistic understanding on the aetiology of 

gastroenteritis in the population and the knowledge that the aetiology will differ by the 

different population groups including the elderly and the Aboriginal population. Additionally, 

the risk factors for gastroenteritis hospitalisation might differ depending upon the microbial 

pathogen causing the episode of gastroenteritis. Linkage of laboratory testing records for 

enteric pathogens to hospital records to measure pathogen-specific burden of disease and 
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determine pathogen-specific risk factors is essential and will form the focus of my future 

analyses.  

 

Currently, investigations into the aetiology of gastroenteritis is limited to those who have 

presented to the doctor with gastroenteritis and been tested for enteric pathogens and thus, 

it is not possible to ascertain the true burden of enteric pathogens. Also, without the results of 

pathology testing, treatment of infectious gastroenteritis in the healthcare setting is empirical. 

Using known risk factors, statistical prediction modelling can not only aid in the estimation of 

the true burden of disease in the community but can also assist in clinical decision making. 

This technique has been used to predict viral gastroenteritis in an emergency department 

setting and also for estimating the secondary care burden of respiratory syncytial virus.265,266 

Therefore, using the risk factor data presented in this thesis, prediction modelling is another 

potential area of future research. 

 

11.6.2 Immunogenicity of rotavirus vaccines 

Aboriginal children experience a very high burden of gastroenteritis not unlike that found in 

resource poor settings and/or low- and middle-income countries. This body of research did 

not demonstrate any discernible differences in the effectiveness of rotavirus vaccines 

between the Aboriginal and non-Aboriginal children in Western Australia. However published 

literature has shown variability in the protective effect afforded by rotavirus vaccines among 

Aboriginal children.112,113 Suboptimal immune responses to other childhood vaccines have 

been documented among Australian Aboriginal children.267,268 It has been hypothesised that 

increased density of infection, high maternal anti-rotavirus antibodies, early exposure to the 

infection, increased density of infection, recurrent infection with exposure to multiple 

serotypes, comorbidities and intrinsic biological or genetic factors269 may contribute to the 

lower anti-rotavirus seroconversion following vaccination among Aboriginal infants.270 
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Rotavirus-specific immunogenicity studies and serosurveys are warranted in the 

subpopulations with high burden of rotavirus disease and explore the possibility of bespoke 

rotavirus vaccination schedules. Currently, a phase IV, double-blind, randomised, placebo-

controlled clinical trial (the ORVAC trial) of a third scheduled dose of RV1 in Australian 

Aboriginal infants is underway, in the Northern Territory in Australia, to determine if an 

additional dose of RV1 between the ages of 6 and 12 months will help boost the 

immunogenicity of the rotavirus vaccination in this population 

(https://clinicaltrials.gov/ct2/show/NCT02941107).   

 

11.6.3 Ongoing surveillance 

This thesis has identified multiple areas that require ongoing surveillance. 

 

11.6.3.1 Monitoring burden of disease 

Consistent with published literature, this body of work has demonstrated the continued 

burden and changes in the epidemiology of rotavirus gastroenteritis in the Western Australian 

population following the introduction of the vaccination program.117,164,271 Following the 

switch back to RV1 in Western Australia since July 2017, monitoring the temporal trends of 

rotavirus gastroenteritis at a population level (in both vaccinated and unvaccinated cohorts) 

will help inform our understanding of longer term effects of the vaccination program and its 

effect on residual disease.  

 

Although the benefits of rotavirus vaccine was not demonstrated among adults in this body of 

research, published data have shown evidence of indirect effects among unvaccinated 

adults.91,164 Further research is required to understand the indirect effects afforded by 

rotavirus vaccines in unvaccinated individuals (children and adults) and monitor whether this 

indirect protection is sustained long-term. This is critical to understanding the impact of 

https://clinicaltrials.gov/ct2/show/NCT02941107
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vaccines targeting other gastroenteritis pathogens, currently undergoing clinical trials, 

particularly to inform schedules and timing of vaccination. 

 

11.6.3.2 Monitoring vaccine uptake and effectiveness  

Significant disparity exists between vaccination coverage for rotavirus and other infant 

vaccinations. Continued surveillance of rotavirus vaccination coverage is essential to identify 

and explore other impediments to rotavirus vaccination (including age restriction, safety 

concerns and operational barriers), especially in the Aboriginal population, and thereby 

implement appropriate public health interventions to improve vaccine uptake. Monitoring the 

uptake and effectiveness of the vaccine in the different risk groups is also vital and this can be 

achieved through record linkage. Considering the temporally changing landscape of rotavirus 

strains and emergence of new strains following vaccination introduction, research on strain-

specific vaccine effectiveness is important to understand the homotypic and heterotypic 

protection afforded by current rotavirus vaccines. Also, strain-specific vaccine effectiveness is 

essential to evaluate the need for newer rotavirus vaccines and /or use of mixed schedules. 

 

11.6.3.3 Monitoring rotavirus strain diversity  

It is essential to continue monitoring the circulating rotavirus strains in the community. Given 

the constant changes in the circulating strains and lack of any consistent pattern in the 

circulating strains in the different rotavirus seasons, it is still unclear as to whether changes 

observed in the strains are due to natural temporal/spatial fluctuations or due to 

immunological pressure exerted by rotavirus vaccines. Although published data have 

demonstrated the prevalence of an increasing number of diverse circulating strains and 

emergence of novel strains following the introduction of rotavirus vaccination, temporal 

persistence of these strains have not been observed. However, differences in strain 

dominance and diversity have been demonstrated in Australia and elsewhere between 
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jurisdictions using RV1 and those using RV5 suggesting vaccine-type related immune 

pressure.97,272 Therefore, documenting changes in rotavirus strains including phylogenetic 

analysis at a population level will help inform future vaccination strategies and also guide 

development of new rotavirus vaccines. 

 

11.6.3.4 Monitoring rotavirus outbreaks 

Rotavirus gastroenteritis outbreaks continue to occur even in settings with a rotavirus 

vaccination program in place.117,273 Outbreaks are possibly the results of a combination of 

factors including emergence of novel rotavirus strains (such as equine-like G3, G8 and G12) 

among vaccinated children,22,98 alterations to the antigenic makeup of the circulating rotavirus 

resulting in increased pathogenicity,274 vaccine escape mutants, suboptimal vaccine uptake 

and waning immunity. Further research is required to investigate if and how the rotavirus 

strains identified during outbreaks impact on the effectiveness of rotavirus vaccines and also 

identify occurrence of vaccine escape mutants and/or vaccine failure. This will help guide 

assessment of the need for improved rotavirus vaccines. 

 

11.6.3.5 Monitoring the safety of rotavirus vaccines  

A small increase in the risk of intussusception in children has been observed in the post-

rotavirus vaccination period, particularly in the first week following receipt of the first dose of 

rotavirus vaccine, and this risk varies by setting.275,276 This thesis identified a temporal increase 

in intussusception rate in the rotavirus vaccination period although, laboratory testing records 

from children hospitalised for intussusception demonstrated that adenovirus was the most 

commonly identified pathogen in the stools of these children. As new rotavirus vaccines are 

poised to enter the market, further research in this area is of priority.  
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11.6.4 Off-target effects of rotavirus vaccination  

Apart from causing gastroenteritis, rotavirus infection has been purported to be linked to 

other diseases. For example, although rotavirus infection is usually self-limiting in healthy 

children, several studies have shown associations between rotavirus infection and subsequent 

sepsis and/or seizures in at-risk populations.277,278 Rotavirus infection has also been shown to 

trigger and/or accelerate the development of Type 1 Diabetes (T1D) due to the molecular 

mimicry exhibited by the rotavirus antigens to pancreatic islet β-cell autoantigens that results 

in increased autoantibody responses to the islet β-cells.279 Furthermore, rotavirus infection 

has been associated with several other autoimmunity-related diseases.280,281 There is growing 

evidence to suggest that in addition to providing immune protection against the target 

pathogen, viral vaccines can also affect the host’s immune response to other pathogens, other 

vaccines, cancers and/or autoimmune diseases.282 Though the underlying biological and/or 

immunological mechanisms of these ‘heterologous’ or ‘non-specific’ or ‘off-target’ effects of 

vaccines are currently not fully understood, assessment of these non-specific effects at a 

population level is essential to comprehend the holistic protection afforded by rotavirus 

vaccines in those vaccinated. 

 

11.6.5 Assessing cost effectiveness of rotavirus vaccination in the elderly 

Human trials to evaluate the safety and immunogenicity of currently licensed and new 

generation rotavirus vaccines have demonstrated robust immune responses in healthy 

adults.61,114,283 In lieu of the increasing burden of rotavirus infection in adults aged ≥65 years, 

studies are required to assess the cost-effectiveness and quantify the benefits of introducing 

rotavirus vaccination program in this age group.  
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11.7 Conclusion 

This thesis demonstrates the significant impact of the nationally funded rotavirus vaccination 

program on both rotavirus-specific and all-cause gastroenteritis. The magnitude of the direct 

and indirect protection afforded by the vaccines against rotavirus gastroenteritis far 

outweighs any minimal increased risk of intussusception following vaccination. Substantial 

burden of disease still exists among high-risk populations including Aboriginal children. This is, 

in part, associated with lower vaccine coverage and delayed vaccine use. Informed by further 

research, numerous strategies to reduce the ongoing burden of rotavirus disease and improve 

timely rotavirus vaccination coverage need consideration. The risk-benefit of modification of 

existing schedules including relaxation of the upper age limit to enable catch up vaccination, 

additional doses to high risk population, mixed schedules, vaccinating older adults and use of 

newer rotavirus vaccines requires evaluation. 
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HIGHLIGHTS

 Following rotavirus vaccination introduction, up to 79% decline in rotavirus-coded 

hospitalisation rates among non-Aboriginal children aged <5 years

 Among the Aboriginal population, up to 66% decline in rotavirus-coded hospitalisation rates 

were observed among children aged <2 years

 No evidence of herd immunity among adults aged ≥45 years from the infant vaccination 

program was observed

 The differential impact of the vaccine in Aboriginal and non-Aboriginal children and increase in 

burden in older adults warrants further research
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1 ABSTRACT

2 Background

3 Rotavirus vaccination was introduced into the Australian National Immunisation Program in mid-2007. 

4 We aimed to assess the impact of the rotavirus vaccination program on the burden of hospitalisations 

5 associated with all-cause acute gastroenteritis (including rotavirus gastroenteritis and non-rotavirus 

6 gastroenteritis) in the Aboriginal and non-Aboriginal population in Western Australia.

7

8 Methods

9 We identified all hospital records, between July 2004 and June 2012, with a discharge diagnosis code for 

10 all-cause gastroenteritis. Age-specific hospitalisation rates for rotavirus and non-rotavirus acute 

11 gastroenteritis before and after the introduction of the rotavirus vaccination program were compared. 

12 Interrupted time series models were used to examine differences in the annual trends of all-cause 

13 gastroenteritis hospitalisation between the two periods. 

14

15 Results

16 Between July 2004 and June 2012, there were a total of 106,974 all-cause gastroenteritis-coded 

17 hospitalisations (1381 rotavirus-coded [15% among Aboriginal] and 105,593 [7% among Aboriginal] non-

18 rotavirus gastroenteritis-coded). Following rotavirus vaccination introduction, significant reductions in 

19 rotavirus-coded hospitalisation rates were observed in all children aged <5 years (up to 79% among non-

20 Aboriginal and up to 66% among Aboriginal). Among adults aged ≥65 years, rotavirus-coded 

21 hospitalisations were 89% (95% CI:116-287) times higher in the rotavirus vaccination program period. 

22 The time series analysis demonstrated reductions in all-cause gastroenteritis hospitalisations in the post-
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23 vaccination period among both vaccinated and unvaccinated (age-ineligible) children, with increases 

24 observed in adults aged ≥45 years.

25 Conclusions

26 Rotavirus vaccination has been associated with a significant decline in gastroenteritis hospitalisations 

27 among children. The increase in the elderly requires further evaluation, including assessment of the 

28 cost-benefits of rotavirus vaccination in this population.

29

30 KEYWORDS

31 Rotavirus vaccine, acute gastroenteritis, vaccine impact, hospitalisations, time-series

32

33 Word Count  

34 2805 words
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35 INTRODUCTION

36 Gastroenteritis is a leading cause of morbidity in young children worldwide in both developed and 

37 developing countries.1 In Western Australia, gastroenteritis is the second most common infection-

38 related cause of hospitalisation in young children after acute lower respiratory infections.2 

39 Gastroenteritis hospitalisation rates among Aboriginal and Torres Strait Islander (henceforth referred to 

40 as Aboriginal) children in Western Australia have been estimated to be nearly 5 times higher than that in

41 non-Aboriginal children.3 

42

43 Globally, rotavirus is the most common cause of severe dehydrating gastroenteritis in young children.4 

44 Currently, two live attenuated oral rotavirus vaccines - a 2-dose monovalent human rotavirus vaccine 

45 RV1 (Rotarix; GlaxoSmithKline Biologicals, Rixensart, Belgium), and a 3-dose pentavalent human-bovine 

46 reassortant vaccine RV5 (RotaTeq; Merck Vaccines, Whitehouse Station, NJ) have been licensed for use 

47 in Australia. Since July 2007, rotavirus vaccination has been included in Australia’s National 

48 Immunisation Program (NIP) for all children born on or after 1 May 2007.5 The programme in Western 

49 Australia provided RV1 at ages 2 and 4 months from July 2007, and then switched to RV5 at ages 2, 4 

50 and 6 months from July 2009. In pre- and post-licensure studies, both RV1 and RV5 have demonstrated 

51 efficacy and effectiveness against severe rotavirus gastroenteritis and all-cause gastroenteritis requiring 

52 medical attention among children in both developed and developing countries.6 

53

54 Data on the impact of the rotavirus vaccination program on the burden and epidemiology of acute 

55 gastroenteritis (including rotavirus gastroenteritis) in the population in Western Australia is scarce. This 

56 study aimed to describe the impact of the rotavirus vaccination program on the burden of 

57 hospitalisations associated with all-cause acute gastroenteritis (including rotavirus gastroenteritis and 
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58 non-rotavirus acute gastroenteritis) in the Aboriginal and non-Aboriginal population in Western 

59 Australia. Also, we conducted a time-series analysis to examine differences in the annual trends in 

60 hospital admissions for gastroenteritis between the pre-rotavirus vaccine and rotavirus vaccine periods.

61

62 METHODS

63 Western Australia is Australia’s largest state geographically, with a total land area of more than 2.5 

64 million km2. As of June 2016, approximately 3.9% of Western Australia’s population of 2.6 million 

65 identified as Aboriginal.7 Hospitalisation data were sourced from the Western Australian Hospital 

66 Morbidity Data Collection (HMDC) which contains information on all inpatient admissions from public 

67 and private hospitals across Western Australia.8 The information includes socio-demographic details, 

68 dates of admission and separation (discharge) and discharge diagnosis codes (principal diagnosis, co-

69 diagnosis and up to 20 additional diagnosis codes) using the International Classification of Diseases and 

70 Related Health problems, Tenth Revision, Australian Modification (ICD-10-AM) coding system.8 

71

72 The study outcome was all-cause gastroenteritis-related hospitalisations. We included all hospital 

73 records having an ICD-10-AM diagnosis code for rotavirus (A08.0) or other non-rotavirus acute 

74 gastroenteritis (A01 to A09 [excluding A08.0] and K52.9) in the principal or additional diagnosis field. 

75 Only admission and separation dates between July 2004 and June 2012 were included. Admissions from 

76 the same person having the same diagnosis code within 14 days of a previous admission were grouped 

77 together and classified as a single episode of illness. Aboriginal status of the individual was identified 

78 using the derived Aboriginal status provided by Western Australian Data linkage branch.9 For the time-

79 series analyses, hospitalisation data for rotavirus and non-rotavirus gastroenteritis were combined to 

80 assess all-cause gastroenteritis.
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81

82 Statistical analysis

83 Using Australian Bureau of Statistics derived annual estimated resident population estimates 

84 (downloaded from the Rates Calculator version 9.5, Western Australian Department of Health), age-

85 specific rates and incidence rate ratios (IRRs) for the periods prior to (July 2004-June 2007) and post 

86 (July 2007-June 2012) introduction of rotavirus onto the NIP were calculated. Estimates were calculated 

87 separately for rotavirus and non-rotavirus acute gastroenteritis hospitalisations for the different age 

88 groups among both Aboriginal and non-Aboriginal individuals. Exact 95% confidence intervals (CI) and 

89 IRRs were calculated using EpiBasic (version 4).

90

91 Interrupted time series models were used to examine differences in the annual trends of all-cause 

92 gastroenteritis hospitalisation between the pre- and post-rotavirus vaccination program periods. The 

93 modelling horizon spanned 1 July 2004 to 30 November 2012 inclusive. To minimise bias, data from 1 

94 January 2007 to 31 December 2007 (6 months prior to and following the 1 July 2007 introduction of the 

95 rotavirus vaccination program) were excluded from the analysis. Our rationale was that positive bias in 

96 hospitalisations might arise due to heightened surveillance in the period immediately preceding the 

97 program commencement and negative bias may arise due to vaccine hesitancy or other vaccination 

98 program-related factors in the period immediately following the vaccine introduction. For the time-

99 series analyses, hospitalisation data for rotavirus and non-rotavirus gastroenteritis were combined to 

100 assess all-cause gastroenteritis. Also, due to low absolute monthly numbers of hospitalisations in the 

101 Aboriginal population, the time series analysis was not stratified by Aboriginal status.  

102

103 Since the monthly numbers of presentations were integer valued with known denominators and the 

104 data did not suggest over-dispersion, we adopted a Poisson distributional assumption for the response. 
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105 Also, we used a segmented Generalized Linear Auto-Regressive Moving-Average (GLARMA) modelling10 

106 framework, which are a class of observation-driven nonlinear state space models for which the state 

107 process depends linearly on covariates and nonlinearly on past values of the observed process. These 

108 models are a natural extension of the Generalised Linear Model (GLM) framework that are appropriate 

109 for Poisson data and account for temporal dependence in the response.10

110

111 Following visual inspection of each age-class series, we fitted separate GLARMA regression models to 

112 each series, parameterised with (some or all of) terms for a linear temporal trend, an instantaneous 

113 level shift and change in the linear trend after the start of the rotavirus vaccination program (Jul 2007), 

114 seasonality and outbreak periods where applicable. Additionally, where supported by the data, 

115 interactions (between seasonality and post vaccination period) and lag-specific autoregressive terms 

116 were included in the models. Estimates (including 95% CIs) were obtained by fitting models using 

117 maximum likelihood estimation.11 Model reduction was guided by Akaike Information Criterion (AIC).12 

118 Goodness of fit and model assumptions were assessed by inspecting the residuals for serial correlation, 

119 outlying points, normality and the validity of the assumed distribution via the probability integral 

120 transformation.13 All analyses were performed in R version 3.5.3.

121

122 Ethical approvals

123 Ethical approvals were obtained from the Western Australian Department of Health Human Research 

124 Ethics Committee and the University of Western Australia. As per the request of the data custodians, 

125 individual table cell sizes of less than 5 have been suppressed.

126
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127 RESULTS

128 Rotavirus-coded hospitalisations

129 Between July 2004 and June 2012, there were a total of 1,381 hospitalisations coded as rotavirus 

130 gastroenteritis of which approximately 15% (n=200) occurred among the Aboriginal population. 

131 Rotavirus-coded hospitalisation rates were highest in children aged <24 months in both population 

132 groups in the pre-rotavirus vaccination and rotavirus vaccination period (Table 1). Comparing the two 

133 time periods, significant declines were observed in Aboriginal children aged <12 months (by 66%; 95% 

134 CI: 49-77) and 12-23 month (by 57%; 95% CI: 24-76; Table 1) in the rotavirus vaccination period. In the 

135 non-Aboriginal population, along with declines in these two age groups, declines were also observed 

136 among those aged 2-4 years (by 59%; 95% CI: 49-68%) in the rotavirus vaccine periods (Table 1). Also, 

137 although hospitalisation rates in the elderly were relatively low, a significant increase in hospitalisation 

138 rate after the introduction of the vaccine was observed in the ≥65 years age-class (IRR: 1.89, 95% CI: 

139 1.16-2.87) in the non-Aboriginal population (Table 1).

140

141 Non-rotavirus acute gastroenteritis-coded hospitalisations

142 A total of 105,593 hospitalisations coded as non-rotavirus acute gastroenteritis were identified between 

143 July 2004 and June 2012, of which approximately 7% (n=6975) occurred among the Aboriginal 

144 population. In both the Aboriginal and non-Aboriginal population, the highest rates for these 

145 hospitalisations were associated with children aged <24 months in both time periods followed by adults 

146 aged ≥65 years (Table 2). Compared to the pre-rotavirus vaccination period, significant declines were 

147 observed among Aboriginal children aged <24 months in the rotavirus vaccination period (Table 2). 

148 Among the non-Aboriginal population, significant declines were observed in those aged up to 9 years in 
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149 the rotavirus vaccination period (Table 2). Similar to rotavirus-coded hospitalisations, an increase in non-

150 rotavirus acute gastroenteritis-coded hospitalisations rates were observed among non-Aboriginal adult 

151 age groups in the period after the introduction of the rotavirus vaccination program.

152

153 Time-series analysis of all-cause gastroenteritis

154 Figure 1 shows the observed and modelled monthly series of all-cause gastroenteritis coded 

155 hospitalisations per 1000 population over the modelling horizon. Between July 2004 and June 2012, 

156 there were a total of 106,974 all-cause gastroenteritis-coded hospitalisations, giving an overall age-

157 standardised rate of 6.27 per 1000 population. Crude hospitalisation rates over the modelling horizon 

158 were highest in the <12 months age group (19.3 per 1000 population) followed by 12-23 months and 

159 ≥65 years age group (both 18.2 per 1000 population).

160

161 The series up to and including the 4-year-old age group had similar characteristics, including temporal 

162 autoregressive dependence. A 38-51% reduction in all-cause acute gastroenteritis-coded 

163 hospitalisations was observed between 31 Dec 2006 and 1 Jan 2008 in all age groups aged <5 years. The 

164 12-23 months age group experienced the largest proportional reduction in hospitalisations at 51% (95% 

165 CI: 40-61, p-value < 0.001) followed by the 3-year old age group at 40% (95% CI: 24-53, p-value <0.001). 

166 The other age groups showed approximately equal reductions of around 38%. In absolute terms, the <12 

167 months and 12-23 months old cohorts showed the largest mean reduction equal to 11.2 and 14 

168 hospitalisations per 1000 population respectively. The parameter estimates (p<0.05) suggested a 

169 seasonal peak period (July to August) of hospitalisations in all age groups except the 12-23 months old 

170 age group. Additionally, in the less than 12 months and 2-year age groups, a significant interaction 

171 between the vaccination period and the seasonal peak suggested that both the rate of hospitalisations 

172 and the variability throughout the year was reduced in the post vaccination period.
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173

174 Amongst those aged ≥5 years, the decline in all-cause gastroenteritis-coded hospitalisations between 31 

175 Dec 2006 and 1 Jan 2008 was less than that seen in the younger age groups, ranging from 7 to 40%, with 

176 the 5-9-year-old age group showing the largest decline of 40% (95%CI: 21-55, p-value < 0.001). Also, in 

177 contrast to the younger age groups, the time series for the 5-9 through to the 45-64-year-old age groups 

178 generally suggested an increasing linear trend in hospitalisation rate across all or part of the modelling 

179 horizon.  The 10-19-year-old age group had the steepest trend, increasing at approximately 1% per 

180 annum. However, we note that this was only seen in the post vaccination period. The level of all-cause 

181 gastroenteritis-coded hospitalisations in the 10-19, 20-44 and 45-64-year-old cohorts were at or above 

182 the typical pre-vaccination rates. The parameter estimates from the model showed evidence of a 

183 seasonal peak period (July to August) with a relative increase of around 17% in the 5-9-year-old cohort. 

184 Among adults aged ≥65 years, an increasing linear trend for the hospitalisation rate was evident across 

185 the entire modelling horizon but no change in hospitalisation rate was observed between 1 Jan 2007 

186 and 31 Dec 2007. Furthermore, the variability in this series was not as extreme in the younger age 

187 groups and we did not find any evidence of seasonality. Finally, while an upward spike in hospitalisation 

188 rates were observed in 2010 among those aged 3-9-years, none of the other ages showed this pulse.

189

190 DISCUSSION

191 Using total population-level hospitalisation data, this ecological study has described the impact of the 

192 publicly funded rotavirus vaccination program on the temporal trends of both rotavirus-coded and non-

193 rotavirus acute gastroenteritis-coded hospitalisations in Western Australia over an 8-year period. In this 

194 study, following the introduction of the vaccination program in mid-2007, significant reductions of up to 

195 79% in rotavirus-coded hospitalisation rates were observed in all non-Aboriginal children aged <5 years 
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196 whereas, among the Aboriginal population, decline in hospitalisation rates were only observed among 

197 children aged <2 years (up to 66%). The magnitude of these observed declines are similar to declines 

198 observed in other countries with low child mortality wherein hospitalisations and emergency 

199 department visits due to laboratory-confirmed rotavirus gastroenteritis declined by a median of 71% 

200 following the introduction of infant rotavirus vaccination program.14

201

202 In the period following rotavirus vaccination program introduction, significant reductions (of up to 44%) 

203 in non-rotavirus acute gastroenteritis-coded hospitalisations were also observed in children age-eligible 

204 for vaccination. Similar declines have been noted in other settings in Australia and elsewhere.14-19 This 

205 suggests that many episodes of rotavirus-related hospitalisations are assigned non-specific 

206 gastroenteritis diagnostic codes.20 An Australian study has shown that only a third of all all-cause 

207 gastroenteritis-coded hospitalisations that tested positive for rotavirus had a rotavirus-specific code i.e. 

208 the sensitivity of the rotavirus diagnosis code was only 62%, with no significant differences noted in the 

209 sensitivity and specificity of the coding in the pre and post vaccine periods.21

210

211 In the time series analysis, reductions in all-cause gastroenteritis-coded hospitalisations were observed 

212 rapidly after 2007 with the introduction of the rotavirus vaccination program, even among children who 

213 were not age-eligible to be vaccinated. This suggests an indirect protective effect of the vaccination 

214 program among unvaccinated children, i.e. herd immunity, similar to those reported in other settings in 

215 Australia and other countries with universal rotavirus vaccination programs.16,18,22-24  A temporary 

216 increase in all-cause gastroenteritis hospitalisation rates was observed in 2010 among older children 

217 who were not age-eligible to have received the rotavirus vaccine i.e. among those aged 3-9 years. 

218 Rotavirus-related hospitalisations could have contributed to this increase since a spike in rotavirus 

219 notifications in 2010 was observed in Western Australia.25 Rotavirus disease, like many infectious 
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220 diseases, exhibits annual/seasonal cycles and studies have demonstrated the biennial pattern (or 

221 increase in interepidemic time) in rotavirus disease incidence following the introduction of rotavirus 

222 vaccination programs.26-28 The biennial pattern is attributed to the accumulation of unvaccinated 

223 individuals, with decreased exposure to natural rotavirus infections in early childhood following 

224 rotavirus vaccination introduction, resulting in stronger rotavirus season due to increased rotavirus 

225 susceptibility in this unvaccinated population. In Western Australia, 2010 appears to be the first year to 

226 demonstrate this biennial increase in rotavirus incidence following vaccine introduction.25,29 

227

228 Compared to the pre-rotavirus vaccine era, all-cause gastroenteritis rates were higher in the rotavirus 

229 vaccination program period among adults. Notifications for several non-rotavirus gastroenteritis have 

230 shown a steady increase in Western Australia since 2007, especially notifications for non-typhoidal 

231 salmonella relating to foodborne outbreaks caused by Salmonella typhimurium and Salmonella 

232 enteritidis.25 Among the 45-64 age group in our study, the increase in gastroenteritis hospitalisation 

233 rates were underpinned by increase in non-typhoidal salmonella-coded hospitalisations over the study 

234 period (data not shown). Among adults aged ≥65 years, rotavirus-coded hospitalisations were 1.89 times 

235 higher in the rotavirus vaccination program period. Increase in rotavirus-related hospitalisation in those 

236 aged ≥65 years following introduction of rotavirus vaccination has been observed at a national level in 

237 Australia,16,30 but this finding contrasts with studies elsewhere which have shown indirect effects among 

238 adults.31,32 As with children, reduction in rotavirus circulation in the community following vaccine 

239 introduction could have resulted in minimal exposure to the virus leading to decreased immune 

240 boosting against the virus in this population. In a randomised controlled trial, RV5 has been 

241 demonstrated to be safe and immunogenic in healthy elderly adults aged 65-80 years.33 Keeping in mind 

242 the burden of rotavirus disease in the elderly, the value and cost-benefit of rotavirus vaccination in this 

243 population needs to be evaluated. 
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244

245 The strength of this study is that it is based on a large comprehensive population-based analysis of 8 

246 years of hospitalisation data spanning pre- and post-rotavirus vaccination periods. This enabled us to 

247 analyse the age-specific burden of rotavirus-coded and non-rotavirus acute gastroenteritis-coded 

248 hospitalisations prior to and after the introduction of rotavirus vaccination. Also, because we have 

249 reliable data on Aboriginal status, we were able to analyse hospitalisation rates separately for Aboriginal 

250 and non-Aboriginal children. An important limitation of our study is that we lacked information on 

251 individual immunisation status and therefore, the impact of rotavirus vaccination on the vaccinated and 

252 unvaccinated cohort could not be elicited.  Also, we relied on discharge diagnosis codes to identify 

253 rotavirus-related hospitalisations and information on the temporal changes in testing practices for 

254 rotavirus in the hospital setting in Western Australia over the study period was not available. This could 

255 have underestimated the true burden of rotavirus-related hospitalisation in the population.

256

257 In conclusion, our findings demonstrate substantial reductions in rotavirus-specific and all-cause 

258 gastroenteritis-coded hospitalisations in children in Western Australia following the introduction of the 

259 rotavirus vaccination program. However, despite the implementation of a vaccine program with 

260 demonstrated herd immunity in children, this study did not find evidence of herd immunity among 

261 adults; our results showed a significant increase in rotavirus-coded and all-cause gastroenteritis-coded 

262 hospitalisations among adults aged ≥65 years denoting the susceptibility of this population to rotavirus. 

263 This increase in the elderly need further research to determine whether this is due to a real increase in 

264 disease with inadequate herd protection from the infant program or due to temporal changes in 

265 diagnostics practices. Continued population-level surveillance is warranted to assess the impact of 

266 rotavirus vaccination on the epidemiology of age-specific acute gastroenteritis across different age-

267 groups and subpopulations. 
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Table 1. Rotavirus-coded hospitalisation rates per 1000 population, incidence rate ratios (IRR) and associated 95% confidence intervals (CI) before and after the introduction of 
rotavirus vaccination, by Aboriginal status and age group, in Western Australia July 2004-June 2012

Aboriginal Non-Aboriginal
Jul ‘04-Jun ‘07 Jul ‘07-Jun ‘12 Jul ‘04-Jun ‘07 Jul ‘07-Jun ‘12Age group

n Rate/1000 n Rate/1000
IRR (95% CI)a

n Rate/1000 n Rate/1000
IRR (95% CI)b

<12 months 74 15.47 (12.15, 19.42) 41 5.31 (3.81, 7.20) 0.34 (0.23, 0.51) 170 2.42 (2.07, 2.82) 109 0.75 (0.62, 0.91) 0.31 (0.24, 0.40)

12-23 months 33 6.64 (4.57, 9.33) 23 2.88 (1.82, 4.32) 0.43 (0.24, 0.76) 221 3.12 (2.72, 3.56) 92 0.65 (0.52, 0.79) 0.21 (0.16, 0.27)

2-4 years 10 0.64 (0.31, 1.18) 11 0.44 (0.22, 0.78) 0.68 (0.26, 1.79) 167 0.77 (0.66, 0.90) 128 0.31 (0.26, 0.37) 0.41 (0.32, 0.51)

5-9 years <5 N/A <5 N/A N/A 39 0.10 (0.07, 0.14) 44 0.07 (0.05, 0.09) 0.65 (0.41, 1.02)

10-19 years <5 N/A <5 N/A N/A 8 0.01 (0.00, 0.02) 18 0.01 (0.00, 0.02) 1.29 (0.53, 3.43)

20-44 years <5 N/A <5 N/A N/A 10 0.00 (0.00, 0.01) 15 0.00 (0.00, 0.01) 0.81 (0.34, 2.01)

45-64 years <5 N/A <5 N/A N/A 13 0.01 (0.00, 0.02) 28 0.01 (0.01, 0.01) 1.15 (0.58, 2.43)

≥65 years <5 N/A <5 N/A N/A 27 0.04 (0.03, 0.06) 92 0.07 (0.06, 0.09) 1.89 (1.16, 2.87)

CI: confidence interval aIncidence rate ratio of rotavirus vaccine period to pre-rotavirus vaccine period hospitalisation rate
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Table 2. Non-rotaviral acute gastroenteritis-coded hospitalisations rates per 1000 population, incidence rate ratios (IRR) and associated 95% confidence intervals (CI) before and 
after the introduction of rotavirus vaccination, by Aboriginal status and age group, in Western Australia July 2004-June 2012

Aboriginal Non-Aboriginal
Jul ‘04-Jun ‘07 Jul ‘07-Jun ‘12 Jul ‘04-Jun ‘07 Jul ‘07-Jun ‘12Age group

n Rate/1000 n Rate/1000
IRR (95% CI)a

n Rate/1000 n Rate/1000
IRR (95% CI)b

<12 months 551 115.18 (105.76, 125.21) 616 79.76 (73.59, 86.32) 0.69 (0.62, 0.78) 1164 16.60 (15.66, 17.58) 1664 11.45 (10.91, 12.02) 0.69 (0.64, 0.74)

12-23 months 516 103.84 (95.08, 113.20) 64 79.35 (73.29, 85.77) 0.76 (0.68, 0.86) 1214 17.14 (16.19, 18.13) 1367 9.62 (9.12, 10.15) 0.56 (0.52, 0.61)

2-4 years 307 19.63 (17.50, 21.96) 487 19.34 (17.66, 21.14) 0.99 (0.85, 1.14) 1417 6.54 (6.20, 6.88) 1730 4.22 (4.02, 4.42) 0.65 (0.60, 0.69)

5-9 years 122 4.56 (3.79, 5.45) 237 5.39 (4.72, 6.12) 1.18 (0.95, 1.48) 881 2.33 (2.18, 2.49) 1197 1.81 (1.71, 1.92) 0.78 (0.71, 0.85)

10-19 years 139 2.94 (2.47, 3.47) 224 2.69 (2.35, 3.06) 0.91 (0.74, 1.14) 1374 1.68 (1.59, 1.77) 2436 1.71 (1.64, 1.78) 1.02 (0.95, 1.09)

20-44 years 554 7.22 (6.63, 7.85) 886 6.47 (6.05, 6.91) 0.89 (0.80, 1.00) 8023 3.78 (3.70, 3.86) 15989 4.06 (4.00, 4.12) 1.07 (1.05, 1.10)

45-64 years 360 13.29 (11.95, 14.74) 830 15.66 (14.61, 16.76) 1.18 (1.04, 1.34) 7527 5.11 (4.99, 5.22) 16030 5.82 (5.73, 5.92) 1.14 (1.11, 1.17)

≥65 years 187 31.69 (27.31 36.57) 325 28.94 (25.87, 32.26) 0.91 (0.76, 1.10) 11866 16.94 (16.64, 17.25) 24739 18.64 (18.41, 18.87) 1.10 (1.08, 1.12)

CI: confidence interval aIncidence rate ratio of rotavirus vaccine period to pre-rotavirus vaccine period hospitalisation rate
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Figure 1: Observed (grey) and modelled (black) monthly all-cause gastroenteritis coded 
hospitalisations per 1000 population 2004-2012 by age class.

Note: Grey solid line shows observed all-cause gastroenteritis-coded hospitalisations. Black solid line shows 
modelled all-cause gastroenteritis-coded hospitalisations. Black dashed line shows naive forecast (in the absence 
of rotavirus vaccination) from 31 Dec 2006 projected over the post vaccination period. Grey shading shows data 
excluded from models. Blue vertical shows the date vaccine was introduced (1 July 2007). Year x-axis tick marks at 
30 June. A linear trend was adopted for the 20-44 age-group because there was negligible temporal dependence in 
the series, and this limited our ability to include autoregressive or moving-average terms in the model.
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Note: Grey solid line shows observed all-cause gastroenteritis-coded hospitalisations. Black solid line shows 
modelled all-cause gastroenteritis-coded hospitalisations. Black dashed line shows naive forecast (in the 

absence of rotavirus vaccination) from 31 Dec 2006 projected over the post vaccination period. Grey 
shading shows data excluded from models. Blue vertical shows the date vaccine was introduced (1 July 

2007). Year x-axis tick marks at 30 June. A linear trend was adopted for the 20-44 age-group because there 
was negligible temporal dependence in the series, and this limited our ability to include autoregressive or 

moving-average terms in the model. 
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Appendix 2 

The following published paper relates to Chapter 7 ‘Risk factors for gastroenteritis’. Co-

authorship declarations for this paper are provided on page xxviii of this thesis. 
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Maternal-Neonatal Reports

Background: Gastroenteritis is a leading cause of childhood morbidity 
worldwide. We aimed to assess the maternal and infant characteristics and 
population attributable fractions associated with childhood gastroenteritis-
related hospitalizations.
Methods: We conducted a whole-of-population retrospective birth cohort 
study of 367,476 children live-born in Western Australia 2000–2012. We 
identified hospital admissions up to <15 years of age pertaining to these 
children, with a principal diagnosis code for infectious gastroenteritis. Cox 
regression was used to obtain the adjusted hazard ratios with 95% confi-
dence intervals and the population attributable fractions associated with 
each risk factor in Aboriginal and non-Aboriginal children for their first 
gastroenteritis-related hospital admission.
Results: There were a total of 15,888 gastroenteritis-related hospital admis-
sions (25.7% occurring among non-Aboriginal children). The overall gas-
troenteritis hospitalization rate for children <15 years of age was 4.6/1000 
child-years for non-Aboriginal children and 21.5/1000 child-years for Abo-
riginal children. Male gender, <20 years of maternal age, preterm birth, low 
birth weight, residence in remote regions of Western Australia and birth 
in the pre-rotavirus vaccine era were significant independent risk factors 
for gastroenteritis hospitalization in both Aboriginal and non-Aboriginal 
children. Additionally, birth by caesarean section and low socioeconomic 
status were identified as being associated with gastroenteritis hospitaliza-
tion in non-Aboriginal children. Population attributable fractions suggest 
that 39% of all gastroenteritis hospitalizations in non-Aboriginal children 
(38% in Aboriginal children) could be averted if all children receive the 
rotavirus vaccine.

Conclusions: Given the beneficial effect of infant rotavirus vaccination in 
preventing all-cause gastroenteritis hospitalization, efforts should be taken 
to optimize rotavirus vaccine coverage in those at highest risk.

Key Words: gastroenteritis, diarrhea, record linkage, hospitalizations, 
 children

(Pediatr Infect Dis J 2019;38:169–175)

Gastroenteritis (diarrhea) is a leading cause of childhood mor-
bidity worldwide and remains one of the most frequent causes 

of hospitalization in young children.1 In Western Australia (WA), 
gastroenteritis was found to be the second most common infection-
related cause of hospitalization after acute lower respiratory infec-
tions in young children,2,3 with gastroenteritis hospitalization rates 
among Aboriginal and Torres Strait Islander (henceforth referred to 
as Aboriginal) children in WA being 7.6 times higher than that in 
non-Aboriginal children.3

Rotavirus is the most common pathogen associated with 
gastroenteritis.4–7 Two oral live attenuated rotavirus vaccines, RV1 
(Rotarix; GlaxoSmithKline Biologicals, Rixensart, Belgium) and 
RV5 (RotaTeq; Merck Vaccines, Whitehouse Station, NJ) were 
included in the Australian National Immunisation Program in July 
2007 for use in all infants at 2 and 4 months of age (Rotarix) or at 2, 
4 and 6 months of age (RotaTeq). National rotavirus vaccine cover-
age in 2012 was estimated to be approximately 70.3% in Aborigi-
nal and 84.2% in non-Aboriginal children assessed at 12 months 
of age.8 Since vaccine introduction, studies have shown declines 
in both all-cause gastroenteritis- and rotavirus-related hospitaliza-
tions in Australia for both Aboriginal and non-Aboriginal children, 
although, as a proportion of baseline rates, the observed decline has 
been smaller among Aboriginal children.9–12

Identification of risk factors for acute gastroenteritis is 
central to the implementation of targeted preventive public health 
policies. Studies investigating perinatal risk factors associated with 
gastroenteritis hospitalizations have generally focused on gesta-
tional age, mode of delivery and/or breastfeeding.13–16 So far, only 
one study has examined a multitude of perinatal risk factors associ-
ated with hospitalizations for gastroenteritis, but it was conducted 
nearly 2 decades ago.17 To our knowledge, no study has investigated 
perinatal risk factors for gastroenteritis separately for Aboriginal 
and non-Aboriginal children. Considering the relatively higher 
rates of gastroenteritis hospitalization rates in Aboriginal children 
compared with non-Aboriginal children, it is unknown whether 
risk factors for gastroenteritis hospitalization differ between the 
2 population subgroups. By using total population-based linked 
cohort data with accurate identification of Aboriginal status, we 
have sufficient power to investigate perinatal risk factors for gas-
troenteritis hospitalizations at a population level. Thus, we aimed 
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to investigate perinatal risk factors associated with gastroenteritis 
hospitalization in a birth cohort of children in WA and explore the 
differences in these risk factors by aboriginality. In addition, we 
estimate population attributable fractions (PAF), which provide a 
predicted estimated of the proportion of disease that can be averted 
by eliminating a particular risk factor and, from a public health 
perspective, highlight those modifiable risk factors that could be 
targeted by interventions.

MATERIALS AND METHODS
We conducted a retrospective cohort study of probabilisti-

cally linked administrative population-based health data using the 
Western Australian data linkage system.18

Study Population and Data Sources
We included all children live-born in WA between January 

1, 2000, and December 31, 2012, identified through the Mid-
wives’ Notification System and/or the Birth and Death Registries 
(Fig., Supplemental Digital Content 1, http://links.lww.com/INF/
D129). The Midwives’ Notification System records details of any 
midwife-attended birth of at least 20 weeks gestation, includ-
ing live births and stillbirths within WA. Along with sociodemo-
graphic information, the dataset also includes maternal medical 
and obstetric history, details of labor and delivery, character-
istics of the child at birth and infant outcomes as recorded by 
the attending midwife or physician. The birth registry consists 
of sociodemographic information of both parents and child as 
recorded by the parents.

All hospital records pertaining to children in the birth cohort 
were sourced and linked by the Western Australian Data Link-
age Branch from the Hospital Morbidity Data Collection, which 
contains information on all inpatient separations from public and 
private hospitals across WA. The information include sociodemo-
graphic particulars, dates of admission and separation (discharge) 
and details of transfers and discharge diagnosis codes (principal 
diagnosis, co-diagnosis and up to 20 additional diagnosis codes) 
using the International Classification of Diseases and Related 
Health Problems, Tenth Revision, Australian Modification (ICD-
10-AM) coding system. Any hospital admission within 48 hours of 
birth was excluded from all analyses.

Variables of Interest
The study outcome was all hospital records, which had an 

acute gastroenteritis-related ICD-10-AM code (A00-A09) in the 
principal diagnosis field and had an admission and separation date 
between January 2000 and June 2014. Interhospital transfers and 
transfers within the same hospital, with the same principal diagno-
sis, were grouped into a single hospital admission. Gastroenteritis 
admissions within 14 days of a previous gastroenteritis admission 
having the same principal diagnosis code were grouped together 
and classified as a single episode of illness. These are hereafter 
referred to as gastroenteritis hospitalizations.

Aboriginal status of the child was identified using the 
derived Aboriginal status provided by Western Australian Data 
Linkage Branch.19 Risk factors for gastroenteritis were chosen a 
priori, based on known association with infection-related hospi-
talizations in children and data availability (Table, Supplemental 
Digital Content 2, http://links.lww.com/INF/D130).20

Statistical Analysis
Using all gastroenteritis hospitalizations as the numerator 

and person-time-at-risk as the denominator, overall and annual 
age-specific incidence rates of acute gastroenteritis hospitaliza-
tions were calculated separately for Aboriginal and non-Aboriginal  

children <15 years of age. We calculated incidence rate ratios 
between Aboriginal and non-Aboriginal children across different 
age groups. Exact 95% confidence intervals (CIs) and incidence 
rate ratios were calculated using EpiBasic (version 3).

Cox proportional hazards regression was used to calculate 
the adjusted hazard ratios and the associated 95% CIs for the asso-
ciation between the independent exposure variables and first gastro-
enteritis hospitalization. The censor date was set to the date of first 
hospitalization for gastroenteritis, date of death or end of the study 
period (June 30, 2014), whichever occurred first. Age of the child 
was used to measure the time to first hospitalization for gastroen-
teritis. Univariate analyses of each exposure variable were first con-
ducted, and only factors with p-value ≤ 0.2 were included in the mul-
tivariate models. Adjusted PAFs and their 95% CIs were calculated 
for each identified risk factor in our study using the punafcc com-
mand in STATA. Separate models were constructed for Aboriginal  
and non-Aboriginal children. Sensitivity analyses were performed 
to assess risk factors when (1) the outcome was all hospital records 
with gastroenteritis-related ICD-10-AM code in the principal and 
additional diagnoses fields and (2) when the cohort was restricted 
to all children who were eligible for receipt of rotavirus vaccine 
(birth from 1 May 2007).

Data cleaning was performed in IBM SPSS (version 23). All 
analyses were conducted using STATA (version 13.1).

Ethical Approval
This study was conducted with approvals from the WA 

Department of Health Human Research Ethics Committee, the WA 
Aboriginal Health Ethics Committee and the University of Western 
Australia Human Research Ethics Committee.

RESULTS
The birth cohort comprised 367,476 children, of whom 

24,597 (6.7%) identified as Aboriginal. One thousand five hundred 
four (0.4%) children died over the course of the study period. The 
total person-time-at-risk was 190,407 years for Aboriginal children 
and 2,592,760 years for non-Aboriginal children. The demographic 
and perinatal characteristics of the cohort are described in Table 
(Supplemental Digital Content 3, http://links.lww.com/INF/D131). 
Between January 2000 and June 2014, 13,881 children in the cohort 
(12.7% of all Aboriginal children and 3.1% of all non-Aboriginal 
children) were hospitalized at least once for gastroenteritis (Table, 
Supplemental Digital Content 3, http://links.lww.com/INF/D131). 
Of these, approximately 1 in 5 (670/3131; 21.4%) Aboriginal chil-
dren were hospitalized more than once for gastroenteritis compared 
with 1 in 13 (813/10,750; 7.6%) non-Aboriginal children giving a 
total of 15,888 gastroenteritis-coded hospital admissions, of which 
4086 (25.7%) occurred among Aboriginal children.

The median age at first admission for gastroenteritis was 
390 days (interquartile range: 215–683 days) for Aboriginal chil-
dren and 551 days (interquartile range: 298–1049 days) for non-
Aboriginal children (Table, Supplemental Digital Content 3, http://
links.lww.com/INF/D131). The overall gastroenteritis hospitaliza-
tion rate (including all admissions) for children <15 years of age 
over the study period (2000–2014) was 21.5/1000 child-years for 
Aboriginal children and 4.6/1000 for non-Aboriginal children; thus 
gastroenteritis hospitalization rates were 4.7 (95% CI: 4.6–4.9) 
times higher in Aboriginal than non-Aboriginal children. Hospi-
talization rates for gastroenteritis were higher in children <2 years 
of age than older age groups, with the highest rates seen in children 
6–11 months of age among both Aboriginal (78.8/1000 child-years; 
95% CI: 73.9–83.9) and non-Aboriginal children (11.6/1000 child-
years; 95% CI: 11.1–12.1; Table 1). This age group also experi-
enced the highest disparity between Aboriginal and non-Aboriginal 
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children (incidence rate ratio: 6.8; 95% CI: 6.3–7.3; Table 1). Over 
the course of the study period, hospitalization rates declined across 
all ages in both Aboriginal and non-Aboriginal children, although 
rates appear to have leveled off in recent years (Fig. 1).

In the adjusted model for Aboriginal children, male gender, 
<25 years of maternal age, pre-term birth <37 weeks, low birth 
weight, residence in regional/remote regions of WA and birth in the 
pre-rotavirus vaccine era were significant independent risk factors 
for hospitalization for gastroenteritis (Table 2). Aboriginal children 
living in the very remote regions of WA had 3.2 times the risk (95% 
CI: 2.8–3.6) of hospitalization compared with those living in the 
major cities. Among Aboriginal children, plurality of birth and 
mode of delivery were not associated with increased risk of hospi-
talization for gastroenteritis.

In the adjusted model for non-Aboriginal children, male 
gender, singleton birth, maternal age <35 years, birth to multip-
arous women, pre-term birth <37 weeks, low birth weight, non-
vaginal birth, socioeconomic disadvantage, residence in non- 
metropolitan regions of WA and birth in the pre-rotavirus vaccine 
era were significant independent risk factors for gastroenteritis hos-
pitalization (Table 3). Among non-Aboriginal children, those born 
at gestational age of <33 weeks had 2.1 times (95% CI: 1.9–2.4) the 
risk of hospitalization for gastroenteritis compared with those born 
≥37 weeks of gestation; those born to mothers <20 years of age had 

nearly twice the risk of hospitalization compared with those born 
to mothers >35 years of age, and those born by caesarean section 
had 1.2 times the risk of hospitalization compared with those born 
by vaginal delivery.

The adjusted models showed that Aboriginal and non-Abo-
riginal children born in the rotavirus vaccine era had less than half 
the risk of hospitalization for gastroenteritis compared with those 
born in the pre-vaccine era (Tables 2 and 3). Reported maternal 
smoking at birth was not associated with risk of hospitalization for 
gastroenteritis in either Aboriginal or non-Aboriginal children after 
adjustment for other factors. Sensitivity analyses did not exhibit 
any change in the direction of the effect size, and the adjusted 
hazard ratio estimates obtained were all within the 95% CI range 
quoted in the original analyses (Table, Supplemental Digital Con-
tent 4; http://links.lww.com/INF/D132; and Table, Supplemental 
Digital Content 5, http://links.lww.com/INF/D133).

The combined PAFs for Aboriginal children [81.3% (95% 
CI: 73.0–87.0)] and non-Aboriginal children [79.1% (95% CI: 
74.8–82.6)] indicate that the risk factors included in the models 
account for most of the hospitalizations for gastroenteritis. Adjust-
ing for all other risk factors, birth in the pre-rotavirus vaccine era 
accounted for the highest PAFs in both Aboriginal [37.7% (95% 
CI: 34.0–41.2)] and non-Aboriginal [39.2% (95% CI: 37.4–41.0)] 
children (Tables 2 and 3).

TABLE 1. All-cause Gastroenteritis Hospital Admission Rates per 1000 
Child Years and Incidence rate ratios Comparing Aboriginal and Non-
Aboriginal Children <15 Years of Age (2000–2014)

Age Group

Aboriginal Non-Aboriginal

IRR (95% CI)n Rate (95% CI) n Rate (95% CI)

<6 mo 710 58.1 (54.0–62.5) 1623 9.5 (9.0–10.0) 6.1 (5.6–6.7)
6–11 mo 960 78.8 (73.9–83.9) 1982 11.6 (11.1–12.1) 6.8 (6.3–7.3)
12–23 mo 1365 56.6 (53.7–59.7) 3495 10.3 (10.0–10.7) 5.5 (5.1–5.8)
2–4 yr 784 12.8 (11.9–13.7) 3330 4.0 (3.8–4.1) 3.2 (3.0–3.5)
5–9 yr 236 3.8 (3.3–4.3) 1203 1.4 (1.4–1.5) 2.6 (2.8–3.0)
10–14 yr 31 1.8 (1.2–2.5) 169 0.7 (0.6–1.5) 2.4 (1.7–3.6)
Total 4086 21.5 (20.8–22.1) 11,802 4.6 (4.5–4.6) 4.7 (4.6–4.9)

IRR indicates incidence rate ratios; CI indicates confidence intervals.
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FIGURE 1. Age-specific hospitalization rates for acute gastroenteritis-coded hospitalizations in (A) Aboriginal and  
(B) non-Aboriginal children (birth cohorts 2000–2012). Note the difference in y-axis scale. Data for the older age groups  
were not available in the latter birth cohort year. 
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DISCUSSION
This population-based study provides comprehensive data 

on the association between perinatal risk factors and gastroenteritis 
hospitalizations in an Australian cohort separately for Aboriginal 
and non-Aboriginal children. To our knowledge, this is the first 
study to report on PAFs associated with perinatal risk factors for 
gastroenteritis hospitalizations. Although not all the risk factors in 

our study are preventable or even modifiable, these data highlight 
areas where appropriate interventions could be put in place to pre-
vent gastroenteritis.

Gastroenteritis continues to be a cause of health disparity 
between Aboriginal and non-Aboriginal children with hospitaliza-
tion rates nearly 5 times higher in Aboriginal than non-Aboriginal 
children with significantly higher rates in children <2 years of age 

TABLE 2. Univariate and adjusted hazard ratios (aHRs) and Adjusted population 
attributable fractions (PAFs) for Risk Factors for Gastroenteritis Hospitalization in 
Aboriginal Children in WA (2000–2014)

Risk Factors

Univariate* Adjusted Adjusted

HR (95% CI) aHR (95% CI) PAF% (95% CI)

Baby gender    
  Female Ref   
  Male 1.12 (1.04–1.20) 1.12 (1.03–1.22) 5.80 (1.64–9.78)
Maternal age (yr)    
  <20 1.19 (1.05–1.33) 1.34 (1.12–1.60) 6.03 (2.82–9.14)
  20–24 1.07 (0.95–1.20) 1.18 (1.02–1.37) 4.99 (0.91–8.90)
  25–29 1.00 (0.88–1.13) 1.09 (0.94–1.27) 2.05 (−1.24–5.22)
  30–34 Ref   
  ≥35 1.06 (0.89–1.25) 1.22 (1.00–1.48) 1.32 (0.10–2.53)
Maternal smoking during pregnancy    
  No Ref   
  Yes 1.14 (1.06–1.22) 1.00 (0.91–1.09) 0.20 (−4.76–4.17)
Number of previous pregnancies    
  0 1.13 (1.01–1.25) 1.05 (0.91–1.21) 1.01 (−1.91–3.84)
  1 Ref   
  ≥2 1.05 (0.96–1.15) 1.11 (0.99–1.26) 5.94 (−0.68–12.13)
Gestational age (wk)    
  ≥37 Ref   
  35–36 1.27 (1.12–1.42) 1.26 (1.09–1.45) 2.10 (0.91–3.28)
  33–34 1.17 (0.96–1.42) 1.16 (0.92–1.47) 0.51 (−0.23–1.24)
  <33 1.22 (1.01–1.47) 1.34 (1.07–1.68) 1.03 (0.35–1.71)
Mode of delivery    
  Vaginal Ref   
  Instrumentation 0.98 (0.85–1.13) 1.06 (0.89–1.26) 0.40 (−0.76–1.55)
  Elective caesarean 0.96 (0.84–1.09) 1.06 (0.90–1.24) 0.48 (−0.79–1.73)
  Emergency caesarean 1.14 (1.03–1.26) 1.08 (0.95–1.23) 1.04 (−0.64–2.68)
Plurality    
  Singleton Ref   
  Multiple birth 1.24 (1.01–1.52) 1.18 (0.92–1.51) 5.28 (−0.20–1.25)
Proportion of optimal birth weight    
  High ≥115% Ref   
  Normal 85–114% 0.98 (0.85–1.14) 1.10 (0.92–1.31) 5.92 (−5.16–15.83)
  Low <85% 1.28 (1.10–1.50) 1.31 (1.08–1.58) 6.57 (2.41–10.56)
Season of birth    
  Winter Ref   
  Spring 1.06 (0.95–1.17) 1.04 (0.91–1.17) 0.79 (−2.02–3.51)
  Summer 1.11 (1.00–1.22) 1.04 (0.92–1.18) 1.01 (−2.01–3.93)
  Autumn 1.13 (1.03–1.25) 1.06 (0.94–1.19) 1.49 (−1.74–4.62)
SEIFA index of advantage and disadvantage    
  0%–10% (most disadvantaged) 1.40 (1.05–1.86) 1.27 (0.96–1.69) 8.14 (−0.75–16.25)
  11%–25% 1.11 (0.83–1.48) 1.24 (0.93–1.65) 4.68 (−1.02–10.06)
  26%–75% 0.99 (0.74–1.32) 1.24 (0.93–1.63) 6.60 (−1.60–14.14)
  76%–90% Ref   
  91%–100% (least disadvantaged) 1.00 (0.53–1.89) 1.25 (0.67–2.35) 0.12 (−0.17–0.40)
Accessibility/remoteness index of Australia    
  Major cities Ref   
  Inner regional 1.01 (0.82–1.24) 1.00 (0.81–1.23) 0.01 (−1.08–1.04)
  Outer regional 1.71 (1.51–1.94) 1.73 (1.52–1.97) 8.01 (6.55–9.44)
  Remote 1.67 (1.47–1.89) 1.69 (1.48–1.93) 7.29 (5.87–8.69)
  Very remote 3.29 (2.95–3.66) 3.18 (2.83–3.58) 22.04 (20.86–23.21)
Born on/after May 1, 2007    
  Yes Ref   
  No 2.11† (1.95–2.28) 2.04 (1.85–2.26) 37.73 (34.02–41.22)

*All adjusted for year of birth.
†Not adjusted for year of birth.
aHR indicates adjusted hazard ratio; HR, unadjusted hazard ratio; PAF indicates population attributable fractions; SEIFA, Socio- 

Economic Indexes for Areas.
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than in older age groups. This is consistent with earlier studies in 
WA that have shown rates of hospitalization for gastroenteritis to be 
highest in very young children with Aboriginal children experienc-
ing a greater burden than their non-Aboriginal counterparts across 
all age groups.3,21,22

Globally, before the introduction of the rotavirus vaccine, 
nearly 39% of all gastroenteritis hospitalizations were attributable 
to rotavirus infection.23 In our study, gastroenteritis hospitalization 
risk was reduced by more than 50% among Aboriginal and non-
Aboriginal children who were eligible for rotavirus vaccination. It 

TABLE 3. Univariate and adjusted hazard ratios (aHR) and Adjusted population 
attributable fractions (PAFs) for Risk Factors for Gastroenteritis Hospitalization in 
non-Aboriginal Children in WA (2000–2014)

Risk factors

Univariate* Adjusted Adjusted

HR (95% CI) aHR (95% CI) PAF% (95% CI)

Baby gender    
  Female Ref   
  Male 1.11 (1.07–1.16) 1.11 (1.07–1.16) 5.37 (3.32–7.38)
Maternal age (yr)    
  <20 1.99 (1.83–2.18) 1.97 (1.77–2.19) 3.12 (2.78–3.46)
  20–24 1.57 (1.48–1.68) 1.54(1.43–1.67) 6.60 (5.68–7.52)
  25–29 1.27 (1.20–1.35) 1.28 (1.19–1.36) 6.40 (4.83–7.94)
  30–34 1.08 (1.02–1.15) 1.10 (1.03–1.17) 2.60 (0.84–4.33)
  ≥35 Ref   
Maternal smoking during pregnancy    
  No Ref   
  Yes 1.16 (1.10–1.22) 1.00 (0.94–1.05) 0.09 (−1.12–0.94)
Number of previous pregnancies    
  0 Ref   
  1 0.94 (0.89–0.98) 1.03 (0.97–1.09) 0.89 (−0.80 to 2.53)
  ≥2 0.93 (0.89–0.98) 1.06 (1.01–1.13) 2.30 (0.24–4.33)
Gestational age (wk)    
  ≥37 Ref   
  35–36 1.26 (1.17–1.37) 1.30 (1.19–1.43) 1.49 (1.06–1.92)
  33–34 1.41 (1.24–1.60) 1.39 (1.20–1.61) 0.61 (0.38–0.84)
  <33 2.03 (1.80–2.29) 2.13 (1.86–2.43) 1.48 (1.31–1.66)
Mode of delivery    
  Vaginal Ref   
  Instrumentation 1.07 (1.01–1.13) 1.13 (1.06–1.21) 1.61 (0.81–2.42)
  Elective caesarean 1.06 (1.01–1.12) 1.19 (1.12–1.26) 2.83 (1.94–3.71)
  Emergency caesarean 1.24 (1.18–1.31) 1.23 (1.15–1.31) 2.94 (2.13–3.74)
Plurality    
  Singleton 0.95 (0.85–1.05) 1.20 (1.06–1.36) 16.18 (5.57–25.60)
  Multiple birth Ref   
Proportion of optimal birth weight    
  High ≥115% Ref   
  Normal 85%–114% 1.02 (0.95–1.09) 1.08 (1.01–1.17) 5.93 (0.60–10.97)
  Low <85% 1.21 (1.11–1.31) 1.23 (1.12–1.35) 2.55 (1.54–3.54)
Season of birth    
  Winter 1.02 (0.96–1.07) 1.03 (0.97–1.09) 0.76 (−0.66 to 2.16)
  Spring 1.00 (0.95–1.06) 1.03 (0.97–1.10) 0.79 (−0.61 to 2.17)
  Summer 1.04 (0.98–1.09) 1.03 (0.97–1.09) 0.67 (−0.76 to 2.08)
  Autumn Ref   
SEIFA index of advantage and 

disadvantage
   

  0%–10% (most disadvantaged) 1.73 (1.56–1.92) 1.54 (1.37–1.73) 3.56 (2.80–4.32)
  11%–25% 1.70 (1.55–1.86) 1.56 (1.40–1.73) 6.68 (5.42–7.92)
  26%–75% 1.43 (1.31–1.56) 1.36 (1.24–1.50) 13.56 (9.89–17.09)
  76%–90% 1.26 (1.15–1.39) 1.28 (1.15–1.42) 3.21 (2.01–4.40)
  91–100% (least disadvantaged) Ref   
Accessibility/remoteness index of 

Australia
   

  Major cities Ref   
  Inner regional 1.17 (1.10–1.25) 1.09 (1.02–1.16) 1.05 (0.29–1.80)
  Outer regional 1.46 (1.37–1.55) 1.39 (1.30–1.49) 3.19 (2.63–3.74)
  Remote 1.24 (1.12–1.36) 1.22 (1.10–1.36) 0.77 (0.41–1.12)
  Very remote 1.47 (1.24–1.73) 1.43 (1.20–1.72) 0.41 (0.24–0.58)
Born on/after May 1, 2007    
  Yes Ref   
  No 2.08† (1.99–2.17) 2.09 (1.99–2.19) 39.24 (37.43–41.00)

*All adjusted for year of birth.
†Not adjusted for year of birth.
aHR indicates adjusted hazard ratio; HR, unadjusted hazard ratio; PAF indicates population attributable fractions; SEIFA, 

Socio-Economic Indexes for Areas.



Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Fathima et al The Pediatric Infectious Disease Journal • Volume 38, Number 2, February 2019

174 | www.pidj.com © 2018 Wolters Kluwer Health, Inc. All rights reserved.

is likely that a significant part of the reduction in all-cause gastro-
enteritis hospitalizations is attributable to vaccination, although it 
should be noted that hospitalizations were declining even before 
vaccine introduction. The role of rotavirus vaccine in prevent-
ing gastroenteritis is further underlined by the fact that the high-
est PAFs in both Aboriginal and non-Aboriginal children were for 
children born in the pre-rotavirus vaccine era suggesting that up to 
39% of all gastroenteritis hospitalizations in the population could 
be averted if all children receive rotavirus vaccine.

Non-Aboriginal children born to mothers <20 years of age 
had nearly twice the risk of being hospitalized for gastroenteri-
tis compared with children born to mothers ≥35 years of age. An 
association between young maternal age and poor child health out-
comes (including increased likelihood of hospitalization for infec-
tion) has been documented previously but whether this association 
is because of a biologic causal mechanism or is confounded by 
socioeconomic status is uncertain.24,25 Although we have attempted 
to adjust for socioeconomic status in our study, we cannot exclude 
residual confounding by social and lifestyle factors such as living 
arrangements. For example, teenage mothers may be more likely 
to reside in multigenerational households with increased chance of 
exposure of their children to infection. Aboriginal children born 
to teenage mothers had 1.3 times higher risk of hospitalization 
than children born to mothers ≥30 years of age. This highlights 
the importance of health promotion campaigns to create awareness 
about the risks associated with teenage pregnancies.

Delivery by caesarean section delays the early colonization 
of the gut by “beneficial” bacteria like Bacteroides, Lactobacil-
lus and Bifidobacterium spp. after birth, which plays a role in the 
postnatal maturation and development of the immune system.26 
Consistent with this, vaginal birth was associated with decreased 
risk of hospitalization for gastroenteritis in non-Aboriginal chil-
dren. Although there was no significant association between mode 
of delivery and gastroenteritis hospitalization among Aboriginal 
children in the adjusted model, there was substantial overlap in the 
confidence intervals for these effects indicating that this difference 
could be because of the much smaller numbers of caesareans births 
among Aboriginal mothers (Table 1). Nevertheless, the increased 
risk for gastroenteritis hospitalization in children born by elective 
caesarean should be taken into consideration by parents and health-
care providers when deciding on delivery options.

Gestational age <33 weeks and low birth weight were inde-
pendent risk factors for hospitalization for gastroenteritis among 
both Aboriginal and non-Aboriginal children, consistent with 
studies in Australia and the United States that have demonstrated 
decreasing gestational age and low birth weight as risk factors 
for gastroenteritis-related hospitalizations.16,17 Factors such as 
increased permeability of immature gut epithelium leading to easy 
invasion by pathogens, delayed intestinal colonization by beneficial 
bacteria and immature/altered immune function in pre-term and/or 
low birth weight children may contribute to a sustained increase in 
risk of gastroenteritis hospitalization in these children.27–29 Rotavi-
rus vaccines have been shown to be safe, immunogenic and effica-
cious in pre-term children.30–32 In light of this, mothers with low 
birth weight or pre-term babies should be targeted for health pro-
motion (including targeted promotion of immunization) by health-
care providers.

A systematic study has shown that the association between 
socioeconomic status and gastrointestinal infection in developed 
countries is unclear and varies across pathogens.33 In our study, 
hospitalization risk decreased with increasing levels of socioeco-
nomic advantage in non-Aboriginal children, with children in the 
most disadvantaged group having 1.5 times the risk compared with 
children in the most advantaged group. There was no evidence that 

socioeconomic disparity has an independent effect on risk among 
Aboriginal children. Only 4% of Aboriginal children (compared 
with 26% of non-Aboriginal children) resided in the upper 2 quan-
tiles of the socioeconomic index, so we may have been under-pow-
ered to demonstrate a significant effect of socioeconomic status 
among Aboriginal children. The risk of gastroenteritis was 3-fold 
for Aboriginal children living in the very remote regions of WA 
and the associated PAF was 22%. This highlights the high pro-
portion of gastroenteritis hospitalizations that could potentially be 
prevented by improving access to primary health services in this 
population.

The strength of this study is that it is based on a large com-
prehensive population-based cohort using health administrative 
datasets of individual records that have been validated for accu-
racy.34 The perinatal characteristics and risk factors were available 
for the whole cohort and not just for the children who were hos-
pitalized. Also, because we have reliable data on Aboriginal sta-
tus, we were able to compare hospitalization rates and risk factors 
between Aboriginal and non-Aboriginal children.19

Our study has some limitations. The total burden of gastro-
enteritis in the community has not been ascertained in this study. 
Most episodes of gastroenteritis are managed at home or through 
outpatient facilities without warranting hospital admission. 
Because we did not include primary care data, we only captured the 
severe end of the clinical spectrum—gastroenteritis requiring hos-
pitalization. Thus, the PAFs reported here apply to gastroenteritis 
hospitalizations only and may not apply to the total burden of gas-
troenteritis. Also, the incidence of gastroenteritis hospitalization in 
the cohort might be underestimated —only hospital records which 
had a gastroenteritis-specific ICD-10 diagnosis code listed in the 
principal diagnosis were selected for analysis. This is because we 
conservatively assumed gastroenteritis to be the primary reason for 
hospitalization only if it was the first coded diagnosis.

We lacked information about breastfeeding, day care attend-
ance, living conditions and more direct measures of socioeconomic 
status (like household income), which have been shown elsewhere 
to be risk factors.16,35 Also, the risk factors for gastroenteritis hos-
pitalization might differ depending upon the microbial pathogen 
causing the episode of gastroenteritis. We would need to link labo-
ratory pathology results for enteric pathogens to hospital records 
to measure pathogen-specific burden of disease and determine 
pathogen-specific risk factors; this will form the focus of our future 
analyses.

In conclusion, the findings of this study highlight the peri-
natal factors associated with increased risk of gastroenteritis hos-
pitalizations and the continued burden of gastroenteritis in children 
in WA. The beneficial effect of infant rotavirus vaccination in pre-
venting gastroenteritis hospitalization is evident. Some of the risk 
factors identified in our study have been shown to have suboptimal 
levels of rotavirus vaccine uptake in certain settings.36,37 Therefore, 
although rotavirus vaccination is universal in WA, efforts should 
be taken to optimize rotavirus vaccine coverage (including text 
messaging reminders for immunization), in particular among high-
risk population groups identified by the PAFs in this study, namely, 
Aboriginal children, young mothers, preterm and low birth weight 
infants, those delivered by surgical methods and those residing in 
remote regions of WA.
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The following published paper relates to Chapter 8 ‘Rotavirus vaccination coverage’. Co-

authorship declarations for this paper are provided on page xxix of this thesis. 
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Conclusions: Aboriginal children are at greater risk of rotavirus disease than non-Aboriginal children and
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delayed vaccination might improve RV coverage, relaxation of upper age restrictions is most readily
implementable, and its overall risk-benefit should be evaluated.
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1. Introduction between May 2007 and December 2012. The study cohort was
Immunisation is one of themost effective public healthmeasures
for prevention of childhood morbidity and mortality [1]. Despite
increasing vaccination coverage, there is marked variation in age-
appropriate vaccination coverage worldwide, which increases the
risk period for infection [2]. Also, delay in vaccination are of special
importance in populations at higher risk of vaccine preventable dis-
eases [3,4]. A number of factors (higher birth order, low maternal
education, low socio-economic status, parental attitudes/knowl-
edge towards vaccines, cultural preferences and the robustness of
the health care system) have been associated with incomplete or
delayed vaccination with combined diphtheria-tetanus-acellular
pertussis (DTPa) vaccine [3,5]. Also, delayed and/or incomplete vac-
cination is more common among Indigenous children in high
income countries [6–8]. For example, at 12 months of age, 91.3% of
Australian non-Aboriginal children but only 79.3% of Australian
Aboriginal children had received the third dose (scheduled at
6 months of age) of DTPa vaccine; and of these, on-time vaccination
(within 30 days of the due date) was 76.7% among non-Aboriginal
children compared to only 61.0% among Aboriginal children [7].

In Australia, two oral live attenuated rotavirus vaccines (RV),
RV1 (monovalent human RV, Rotarix� – GlaxoSmithKline Biologi-
cals) and RV5 (pentavalent bovine-human re-assortment vaccine,
RotaTeq� – Merck & Co., Inc.) were included in the National Immu-
nisation Program (NIP) in 2007, with all infants born from 1st May
2007 eligible for vaccination. RV1 is administered in a 2-dose
schedule at 2 and 4 months of age and RV5 in a 3-dose schedule
at 2, 4 and 6 months of age. To minimise the risk of intussuscep-
tion, it was recommended that the first dose of RV is administered
at age 6–14 weeks, with the maximum age for the last dose being
24 weeks for RV1 and 32 weeks for RV5 [9]. Rotavirus immunisa-
tion programs differed, with New South Wales (NSW) using only
RV1, while Western Australia (WA) initially used RV1 but changed
to RV5 in May 2009. From July 2017, only RV1 has been used in all
Australian jurisdictions.

Uptake of RV by 12 months of age has been consistently lower
than other vaccines with the same administration schedule (e.g.
DTPa) [10], but RV coverage by dose prior to 12 months of age
has not been assessed. Also, information about the impact of the
restricted upper age limit for RV administration on uptake is sparse
[11]. Using data from a population-level cohort of children born in
NSW and WA with individual-level birth and perinatal data linked
to their immunisation records, we aimed to report on timeliness of
RV uptake among Aboriginal and non-Aboriginal children, compare
cumulative RV coverage to age 12 months with DTPa, and assess
factors associated with receipt of RV.
2. Methods

2.1. Study design and study setting

We conducted a retrospective cohort study using record linkage
of administrative health datasets whereby immunisation records
for RV were probabilistically linked to birth and perinatal records
for a cohort of children born in NSW and WA. This study was con-
ducted as part of a larger study of childhood vaccines administered
through the NIP in Australia – the full details of which are provided
elsewhere [12].

2.2. Study population and data sources

To reflect the introduction of RV in the NIP, the cohort for this
study comprised all singleton infants live-born in NSW and WA
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identified through the perinatal data collections and the Birth
and Death Registries in both states [12]. Along with socio-
demographic information, the perinatal dataset also includes
maternal medical and obstetric history, details of labour and deliv-
ery, characteristics of the child at birth and infant birth outcomes
as recorded by the attending midwife or physician. Only those
infants who had records in both the perinatal and birth registry
datasets were included in the study.

The Australian Immunisation Register (AIR), formerly known as
the Australian Childhood Immunisation Register, is a national reg-
ister that records immunisation data, including immunisation date,
type and dose of vaccine given to any individual; this is sent to the
AIR by the immunisation provider. Further details on how the AIR
records were probabilistically linked to the cohort (by the Aus-
tralian Institute of Health and Welfare) and cleaned have been pro-
vided elsewhere [12]. We identified immunisation records, up to
December 2013, for RV (RV1 and RV5) and DTPa vaccines included
in the NIP. Immunisation records that did not link to the infants in
the birth cohort and infants whose immunisation date preceded
their date of birth were excluded (Fig. 1).

2.3. Time windows for on-time vaccine receipt

The time window for each on-time receipt of the vaccine dose
was based on the recommended immunisation schedule [9]. While
the recommended upper age limit was adhered to in each dose
window, a ‘4-day grace period’ [13] was incorporated into the start
date of each dose window. Thus, for RV1, the first on-time dose
window was from 39 days to 104 days and the second was from
67 days to 174 days. For RV5, the first on-time dose window was
from 39 days to 90 days, the second from 67 days to 230 days
and the third was from 95 days to 230 days. Vaccination coverage
by 12 months of age was assessed based on the ‘last dose assump-
tion’, whereby if the last dose of a vaccine that requires more than
one dose to complete the series is recorded then the child is
deemed to be fully immunised for that vaccine irrespective of
whether or not the previous dose(s) were recorded [14].

2.4. Variables of interest

Parental and infant demographic factors and perinatal factors
considered to be associated with poor adherence with immunisa-
tion schedules and with rotavirus infection were examined
[3,15–17]. Parental risk factors included maternal age, paternal
age, mother’s place of birth, maternal smoking during pregnancy,
number of previous pregnancies (as proxy for parity), mode of
delivery, socio-economic status and remoteness of residence (see
Supplementary Table 1).

Infant risk factors included Aboriginal and/or Torres Strait Islan-
der (hereafter referred to as Aboriginal) status of the infant; this
was identified using an algorithm that combined the recorded Abo-
riginal status for the infant on all the available linked datasets in
the study, as described previously [18]. Other infant-related risk
factors included sex, state of birth, gestational age, birth weight,
Apgar score at 5 min, year of birth, season of birth and whether
hospitalized <6 weeks after birth.

2.5. Statistical analysis

For each scheduled dose, the proportion of infants with an on-
time vaccine was calculated using the number of infants with a
vaccine dose recorded within the dose window (as described
above) as the numerator, and the total number of infants in the
ess and factors associated with rotavirus vaccine uptake among Australian
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Fig. 1. Flow chart showing the derivation of the study cohort and their immunisation records.
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cohort eligible for vaccination at the end of that dose window as
the denominator. Infants who died before the end of the dose win-
dow for each dose were excluded. Since coverage was also assessed
at 12 months of age, infants who had a record for death before their
first birthday were excluded for all analyses. Coverage estimates by
population sub-group for each scheduled dose were calculated
separately for Aboriginal and non-Aboriginal infants. For all analy-
ses relating to RV5 dose 3 including coverage estimates, the cohort
was restricted to only WA births from 1st Jan 2010 onwards
(Fig. 1).

To compare the timing of DTPa and RV, the cumulative vaccina-
tion coverage up to 365 days after birth was calculated for the 2nd
and 3rd doses of each vaccine. Multivariable logistic regression
modelling was used to obtain adjusted odds ratios (aOR) with
95% confidence intervals (CI) for the association between the par-
ental/ infant factors and (a) receipt of at least one dose of any
RV � 39 days of age (not restricted to on-time doses) and (b)
receipt of all doses (considered to be fully immunised) of the vac-
cine assessed at 12 months. Only variables (potential risk factors)
with a p-value �0.2 in univariate analyses were included in the
multivariable model. Aboriginal and non-Aboriginal infants were
assessed separately. All analyses were conducted using Stata (ver-
sion 13.1).

2.6. Ethical approvals

Ethical approvals were received from the State and National
Health Ethics Committees, WA and NSW Aboriginal Health Ethics
Committees and the Australian Institute of Health and Welfare
Ethics Committee. The assembled linked dataset was accessed
through the Secure Unified Research Environment [19].
3. Results

The cohort for RV coverage analysis consisted of 681,456 births,
(Fig. 1) of whom 34,450 (5.1%) were recorded as being Aboriginal.
Of the cohort, 637,019 (93.4%) had at least one record for RV on the
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AIR and 636,718 of these infants had received �1 dose of RV by
12 months of age (Table 1). Less than 1% (n = 2,596) of the vacci-
nated infants received RV before the recommended age of 39 days
(Table 1). Of the 484,302 infants who had a record for RV1 as their
second dose, 10,831 (1.8%) received their dose beyond the recom-
mended upper age limit of 174 days; and of the 115,223 infants
who had a record for RV5 as their second or third dose, 4969
(5.0%) received it beyond the recommended upper age limit of
230 days (Table 1). Approximately 89% of the 515,070 infants
who received only RV1 and 81% of the 108,456 infants who
received only RV5 had completed the full vaccine series.
3.1. On-time dose uptake

Among non-Aboriginal infants, on-time RV uptake has
remained consistent since 2008 (around 89% for dose 1 and 86%
for dose 2). Among Aboriginal infants on-time coverage showed a
steady increase over the study period to 86% for dose 1 and 80%
for dose 2 in 2012 (Fig. 2; Table 2). Vaccine uptake for the first dose
was higher than subsequent doses among both Aboriginal and
non-Aboriginal infants. Vaccine uptake among Aboriginal infants
was lower than among non-Aboriginal infants for all doses of the
vaccine and there was an increase in this disparity for each subse-
quent dose of the vaccine – the absolute difference in the propor-
tion vaccinated between non-Aboriginal and Aboriginal infants
was 5.9% (95% CI: 4.9–6.9) for dose 1, 10.7% (95% CI: 9.7–11.6)
for dose 2 and 24.0% (95% CI: 22.0–26.1) for dose 3 (Table 2).

Infants with a birthweight of <1500 g, followed by pre-term
infants with gestational age of <33 weeks, had the lowest on-
time vaccine uptake for all doses among both Aboriginal and
non-Aboriginal infants (Table 3). Varying levels of on-time vaccine
uptake were observed within each population sub-group and the
level of variation differed between Aboriginal and non-Aboriginal
infants. For example, among Aboriginal infants, 82.1% of first-
born infants had an on-time dose 2 recorded compared to only
63.2% of infants born to mothers who had 3 or more previous preg-
nancies; only 66.0% of infants with gestational age <33 weeks had
ess and factors associated with rotavirus vaccine uptake among Australian
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Table 1
Characteristics of children who received �1 dose of rotavirus vaccine (2007–2012).

Aboriginal Non-Aboriginal Total population
N = 34,450 N = 647,004 N = 681,456
n (%) n (%) n (%)

Received � 1 dose of any rotavirus vaccine
(by 12 months of age)

30,705 (89.1) 606,013 (93.7) 636,718 (93.4)

Total number of doses received
Only RV1 N = 24,063 N = 491,007 N = 515,070
1 3,959 (16.5) 54,643 (11.1) 58,602 (11.4)
2 20,079 (83.4) 435,776 (88.8) 455,855 (88.5)
>2 doses 25 (0.1) 588 (0.1) 613 (0.1)

Only RV5 N = 5,807 N = 102,649 N = 108,456
1 749 (12.9) 4,504 (4.4) 5,253 (4.8)
2 1,324 (22.8) 13,564 (13.2) 14,888 (13.7)
3 3,734 (64.3) 84,580 (82.4) 88,314 (81.4)
>3 doses – <5 (<0.1) <5 (<0.1)

Mixed series N = 873 N = 12,620 N = 13,493
1 – – –
2 410 (47.0) 5,427 (43.0) 5,837 (43.3)
3 463 (53.0) 7,178 (56.9) 7,641 (56.63)
>3 doses 0 15 (0.1%) 15 (0.1)

Age < 39 days at dose 1 106 (0.3) 2,490 (0.4) 2,596 (0.4)
Age > 174 days for RV1* 840 (3.1) 9,991 (1.8) 10,831 (1.8)
Age > 230 days for RV5# 435 (9.8) 4534 (4.8) 4,969 (5.0)

Median age in days (IQR)
RV1
Dose 1 57 (47–65) 56 (46–62) 56 (46–62)
Dose 2 126 (120–138) 124 (120–132) 125 (120–132)

RV5
Dose 1 63 (58–72) 60 (56–64) 60 (56–65)
Dose 2 130 (122–145) 125 (120–133) 125 (120–133)
Dose 3 193 (184–208) 189 (183–201) 189 (183–201)

Note: Numbers for RV1 and RV5 include children born in both New South Wales and Western Australia (2007–2012).
* Denominator: total population = 592,737, Aboriginal = 26816, non-Aboriginal = 565,921.
# denominator: total population = 99973, Aboriginal = 4430, non-Aboriginal = 9554.
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received dose 2 on time compared to 75.8% in infants born full-
term. Among non-Aboriginal infants, on-time vaccine uptake for
dose 2 was 88.0% in first-born infants and only 77.9% in infants
born to mothers with 3 or more previous births; and on-time dose
2 vaccine uptake was only 77.0% in infants born <33 weeks gesta-
tion compared to 85.6% coverage in infants born full-term. Also,
similar to the overall estimates, vaccine uptake in the different
population sub-groups for both Aboriginal and non-Aboriginal
infants showed decreasing trends with each subsequent dose of
the vaccine – for example, among Aboriginal infants born to moth-
ers who have had 3 or more previous births, there was a 10% point
difference between those receiving dose 1 and dose 2 (Table 3). The
only exception to this was infants with gestational age <33 weeks
or birthweight <1500 g whose on-time vaccine uptake was similar
or higher for the second dose than the first dose.

3.2. Comparison of dose timing for DTPa and RV vaccines

Among infants who had a record for receipt of the 2nd dose of
DTPa and/or RV, approximately 75% of Aboriginal and 85% of non-
Aboriginal infants had received their second dose by 174 days (rec-
ommended upper age limit for RV1: Fig. 3). DTPa coverage reached
91% in Aboriginal (increase of 16%) and 94% in non-Aboriginal
infants (increase of 9%) for dose 2 by 12 months of age whereas
for RV, only an additional 3% of both Aboriginal and non-
Aboriginal infants received dose 2 between 174 days and
12 months of age (Fig. 3).

There were similar findings for dose 3 among WA-born infants,
where RV5 was used, with 54% Aboriginal and 78% non-Aboriginal
infants receiving dose 3 of DTPa and/or RV by 230 days, the recom-
mended upper age limit for RV5. From 230 days to 12 months, an
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additional 2% of Aboriginal and non-Aboriginal infants received a
third dose of RV5, while 21% Aboriginal) and 9% non-Aboriginal
infants received a third dose of DTPa (Fig. 3).

3.3. Determinants of vaccine uptake

Adjusting for all factors, Aboriginal infants had a 36% (95% CI:
34–39) lower odds of receiving at least one dose of any RV
(�39 days after birth but not restricted to on-time doses) com-
pared to non-Aboriginal infants (data not shown). In the adjusted
model for Aboriginal infants, vaccine uptake steadily increased
over time with an aOR of 2.22 (95% CI: 1.94–2.53) among infants
born in 2012 as compared to those born in 2007 (Table 4). The
strongest association with vaccine uptake was birth order; infants
born to mothers with 3 or more previous pregnancies had 70% (95%
CI: 66–73%) lower odds of receiving at least 1 dose compared to
first-born infants. Infants born to teenage parents had an approxi-
mately 30% lower odds of receiving at least 1 dose compared to
infants born to parents aged �35 years, and infants born with a
birthweight of <1500 g had 54% lower odds of receiving at least 1
dose than infants of normal birthweight. Aboriginal infants living
in WA were less likely to receive at least 1 dose of RV than infants
living in NSW (aOR 0.63; 95% CI: 0.58–0.68).

Vaccine uptake increased over the study period among non-
Aboriginal infants, with the greatest increase occurring in the
2 years (2008–2009) after vaccine introduction (Table 4). Non-
Aboriginal infants living in WA had lower odds of receiving at least
1 dose than those living in NSW (aOR 0.85; 95% CI: 0.83, 0.87).
Among non-Aboriginal infants, birthweight had the strongest asso-
ciation with vaccine uptake; infants with birthweight <1500 g had
64% lower odds of receiving at least 1 dose than those of normal
ess and factors associated with rotavirus vaccine uptake among Australian
e, https://doi.org/10.1016/j.vaccine.2019.08.013
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Fig. 2. Proportion of Aboriginal and non-Aboriginal infants with on-time receipt of rotavirus vaccine by dose and year and coverage* assessed at 12 months.

Table 2
Number and proportion of children who received rotavirus vaccine by dose number and assessed at 12 months.

Scheduled dose Aboriginal
N = 34,450

Non-Aboriginal
N = 647,004

Total population
N = 681,454

n % (95% CI) n % (95% CI) n % (95% CI)

On-time doses
Dose 1 28,318 82.2 (81.8, 82.6) 569,847 88.1 (88.0, 88.2) 598,165 87. 8 (87.7, 87.9)
Dose 2 25,893 75.2 (74.7, 75.6) 555,440 85.9 (85.8, 85.9) 581,333 85.3 (85.2, 85.4)
Dose 3* 2,998 54.3 (53.0, 55.7) 67,917 78.4 (78.1, 78.6) 70,915 76.9 (76.6, 77.2)

Assessed at 12 months¥ 25,259 73.3 (72.9, 73.8) 552,532 85.4 (85.3, 85.5) 577,791 84.8 (84.7, 84.9)

* For Dose 3 – cohort is only births in WA (2010–2012). Denominators: non-Aboriginal N = 86,678; Aboriginal N = 5518; total population N = 92,196.
¥ Deemed to be fully vaccinated (2nd dose of RV1 or 3rd dose of RV5) as assessed at 12 months of age.
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birthweight. A trend of decreasing odds of receiving at least 1 dose
was observed with increased birth order and decreasing parental
age (Table 4). Non-Aboriginal infants born at <33 weeks gestation
had 27% lower odds of receiving at least 1 dose than infants born
at �37 weeks. Non-Aboriginal infants of overseas-born mothers
had a 43% (95% CI: 42–45%) lower odds of receiving at least 1 dose
than infants of Australian-born mothers.

Using the last dose assumption, the proportion of infants
deemed ‘fully immunised’ by 12 months for RV was 73.3% among
Aboriginal infants and 85.4% among non-Aboriginal infants
(Table 2). Factors associated with being fully immunised at
12 months (versus no doses) were broadly similar the factors asso-
ciated with receipt of at least one dose of RV (Supplementary
Table 2).

4. Discussion

Rotavirus is the most common pathogen associated with severe
gastroenteritis and is a leading cause of childhood morbidity and
mortality worldwide [20,21]. Our estimates for any (93.5%) and full
(85.4% among non-Aboriginal children and 73.3% among Aborigi-
nal children) immunisation coverage are comparable to previous
Australian estimates and to estimates from other countries with
universally funded immunisation programs, and substantially
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higher than in countries without funded programs [10,22,23].
Although initiation and completion of rotavirus vaccination in Abo-
riginal children increased over the course of the study period, there
still exists a significant disparity in their coverage compared to
non-Aboriginal children. Considering that receipt of the full dose
series of the RV has been shown to afford the highest protection
against severe rotavirus infection, this disparity is of concern and
may contribute to persistently higher burden of gastroenteritis-
related hospitalisation among Aboriginal children [17,24].

The upper age restriction for RV is the main driver of lower cov-
erage than other vaccines with a similar infant schedule, such as
DTPa (>90% at age 12 months) as observed elsewhere [11,22]. In
our study, post the upper age limit of RV1 vaccine, 2-dose DTPa
coverage increased a further 9–16%, while 2-dose RV coverage only
increased by 3%. The differential between DTPa and RV coverage
was most evident among Aboriginal children. This underlines the
importance of improving the timeliness of all vaccines through
appropriate promotional strategies and/or vaccine reminders.
Strict age restrictions have been imposed for initiating and
completing rotavirus vaccination because of concerns about
vaccine-associated intussusception; post-marketing studies have
confirmed a small increase in risk of intussusception following
RV administration [25,26]. In Australia, the incidence of intussus-
ception among children aged <2 years was estimated to be 0.54
ess and factors associated with rotavirus vaccine uptake among Australian
e, https://doi.org/10.1016/j.vaccine.2019.08.013
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Table 3
Proportion of Aboriginal and non-Aboriginal infants with receipt of on-time rotavirus vaccine by dose and population sub-groups.

Subgroup ABORIGINAL NON-ABORIGINAL

Dose 1 Dose 2 Dose 3 (only
RV5)

Dose 1 Dose 2 Dose 3 (only
RV5)

n % n % n % n % n % n %

Mother’s age (years)
�35 2,633 80.3 2,417 73.7 251 55.5 135,229 88.0 132,083 86.0 14,679 78.1
30–34 4,297 82.1 3,929 75.1 430 54.8 190,793 88.8 187,137 87.1 22,848 80.4
25–29 6,929 82.1 6,389 75.7 733 54.3 157,333 88.1 153,411 85.9 19,745 78.8
20–24 9,139 82.9 8,348 75.8 960 54.2 71,338 86.7 68,370 83.1 8,795 74.4
<20 5,320 82.1 4,810 74.2 624 53.8 15,154 85.6 14,439 81.6 1,850 71.2

Father’s age (years)
�35 4,905 82.7 4,516 76.2 487 58.4 220,747 88.2 215,787 86.2 25,063 78.7
30–34 4,817 82.9 4,445 76.5 448 54.9 181,248 88.8 177,674 87.0 21,940 80.3
25–29 6,721 84.2 6,213 77.9 724 58.4 112,371 88.0 109,101 85.4 14,162 77.9
20–24 6,692 82.6 6,084 75.1 766 54.2 38,216 86.8 36,472 82.9 4,994 74.2
<20 2,489 81.7 2,268 74.5 285 51.7 5,155 85.0 4929 81.3 638 69.4

Delivery method
Vaginal 18,971 81.3 17,229 73.8 1,894 52.3 317,333 87.2 307,105 84.4 32,494 74.8
Instrumental 2,247 85.6 2,125 81.0 287 59.5 72,471 89.4 71,769 88.6 11,332 84.4
Caesarean 7,091 83.7 6,531 77.1 817 57.8 179,943 89.0 176,472 87.3 24,091 80.8

Maternal smoking during pregnancy
No 16,762 85.0 15,686 79.5 1,989 60.3 515,505 88.4 504,432 86.5 62,494 79.5
Yes 11,535 78.5 10,187 69.3 1,009 45.5 53,545 85.5 50,213 80.2 5423 67.2

Number of previous pregnancies
0 10,326 86.7 9,776 82.1 941 63.5 232,114 88.7 230,328 88.0 23,544 85.2
1 7,267 84.2 6,721 77.9 760 56.3 191,725 89.0 186,470 86.6 21,743 79.6
2 4,591 82.4 4,120 73.9 474 55.8 88,565 87.6 84,969 84.0 12,158 75.3
3 or more 6,115 73.5 5,258 63.2 823 44.8 57,043 83.4 53,283 77.9 10,472 67.2

Birth Season
Spring 7,262 82.2 6,798 77.0 732 55.6 152,257 88.4 148,802 86.4 17,084 78.9
Winter 7,595 81.3 6,839 73.2 757 54.5 152,483 87.8 148,081 85.3 16,981 78.5
Autumn 6,945 82.6 6,300 74.9 759 51.7 136,848 87.5 133,865 85.6 17,592 78.3
Summer 6,516 82.9 5,956 75.7 750 55.8 128,259 88.7 124,692 86.2 16,260 77.7

Birthweight group (gms)
<1500 220 60.4 222 61.0 36 44.4 1910 60.0 2,358 74.1 308 66.2
1500–2499 2,004 75.7 1,768 66.8 203 43.5 19,423 86.1 18,926 83.9 2,360 74.8
2500–3499 15,072 81.6 13,680 74.1 1616 52.7 295,853 88.2 288,373 86.0 36,186 78.8
3500–4499 10,522 84.9 9,773 78.9 1106 60.2 242,969 88.4 236,435 86.1 28,173 78.4
�4500 496 85.8 447 77.3 37 53.6 9,578 87.7 9,232 84.5 890 73.6

Gestational age (weeks)
<33 415 66.5 412 66.0 58 45.0 3,789 69.3 4,208 77.0 526 70.0
33–34 504 74.5 455 67.2 50 43.5 5,802 86.6 5,680 84.8 776 76.2
35–36 1,573 78.7 1,407 70.4 188 47.0 20,518 87.9 19,882 85.2 2,850 75.6
�37 25,817 82.9 23,613 75.8 2,702 55.5 539,687 88.3 525,623 86.0 63,761 78.6

Socio-economic index*
91–100% (least disadv) 343 88.6 317 81.9 36 65.5 53,543 88.2 52,660 86.8 5,361 79.1
76–90% 1,217 85.8 1,138 80.3 158 65.0 91,304 88.9 89,695 87.3 11,526 81.3
26–75% 10,471 84.3 9,740 78.4 958 56.8 275,294 88.3 268,553 86.2 32,702 78.2
11–25% 6,459 82.0 5,894 74.8 683 52.9 83,224 87.6 80,539 84.8 9,602 76.5
0–10% (most disadv) 8,600 80.0 7,665 71.3 846 50.4 49,614 87.1 47,360 83.1 4,166 74.4

Remoteness index
Major Cities 11,932 82.0 10,964 75.4 1080 52.2 434,733 88.0 424,378 85.9 47,152 78.6
Inner Regional 7,787 84.5 7,047 76.4 304 61.3 82,286 89.0 79,570 86.1 8,381 77.6
Outer Regional 4,650 83.9 4,219 76.1 486 54.4 29,641 87.6 28,641 84.7 4,807 76.1
Remote 1,888 78.8 1,733 72.3 488 57.5 5,981 89.8 5,893 88.5 2,343 81.3
Very Remote 972 73.3 908 68.4 323 50.1 1,529 88.9 1,507 87.6 674 75.4

Mother Country of Birth
Australia 27,553 82.2 25,185 75.2 2,886 54.0 379,262 89.4 369,344 87.1 42,868 79.0
Overseas 742 81.3 686 75.1 112 63.3 188,844 85.5 184,362 83.4 25,045 77.2

Infant State of birth
WA 7,952 75.2 7329 69.3 2,998 54.3 138,808 87.2 136,871 85.9 67,917 78.4
NSW 20,366 85.3 18,564 77.8 – – 431,039 88.4 418,569 85.8 – –

Note: 95% confidence intervals were very tight/narrow and hence not reported.
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per 100,000 child-years before the immunisation program [27]. An
additional 5.6 cases of intussusception are estimated to occur per
100,000 vaccinated infants, with the severity of intussusception
episodes among vaccinated infants no different from that among
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Aboriginal and non-Aboriginal children: A record linkage cohort study, Vaccin
unvaccinated infants [25,28]. In light of the minimal increased risk
of intussusception following vaccination and the fact that intussus-
ception is rarely fatal in Australia, relaxing the upper age restric-
tions for RV, as recommended by WHO for countries with high
ess and factors associated with rotavirus vaccine uptake among Australian
e, https://doi.org/10.1016/j.vaccine.2019.08.013
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Fig. 3. Cumulative vaccine dose coverage by age in days for dose 2 and dose 3 of rotavirus* and DTPa vaccines.

Table 4
Adjusted odds ratios (aOR) of receipt of �1 dose of rotavirus vaccine# among Aboriginal and non-Aboriginal infants (2007–2012).

Characteristics Aboriginal Non-aboriginal

n (%) Univariate Adjusted n (%) Univariate Adjusted

OR 95% CI aOR 95% CI OR 95% CI aOR 95% CI

Year of birth
2007 3,119 (78.5) Ref Ref 66,855 (87.9) Ref Ref
2008 5,166 (85.3) 1.59 1.43, 1.77 1.61 1.43, 1.82 105,465 (92.7) 1.74 1.68, 1.79 1.84 1.78, 1.90
2009 5,330 (86.6) 1.77 1.59, 1.96 1.83 1.61, 2.07 106,932 (93.3) 1.90 1.84, 1.96 2.02 1.95, 2.09
2010 5,449 (87.3) 1.88 1.69, 2.09 1.78 1.57, 2.01 106,624 (93.2) 1.89 1.83, 1.95 2.00 1.93, 2.07
2011 5,425 (88.0) 2.01 1.81, 2.24 1.99 1.76, 2.26 107,663 (93.2) 1.88 1.82, 1.94 1.92 1.86, 1.99
2012 5,256 (89.7) 2.39 2.13, 2.67 2.22 1.94, 2.53 104,783 (93.0) 1.82 1.76, 1.88 1.90 1.83, 1.96

Mother’s age (years)
�35 2,778 (84.7) Ref Ref 141,773 (92.3) Ref Ref
30–34 4,513 (86.3) 1.13 1.00, 1.28 1.07 0.93, 1.24 200,177 (93.2) 1.14 1.11, 1.17 1.08 1.05, 1.11
25–29 7,295 (86.5) 1.16 1.03, 1.29 1.04 0.90, 1.21 165,235 (92.5) 1.03 1.01, 1.06 0.99 0.96, 1.03
20–24 9,582 (86.9) 1.20 1.08, 1.34 0.92 0.78, 1.09 75,092 (91.2) 0.87 0.84, 0.90 0.88 0.84, 0.92
<20 5,577 (86.1) 1.11 0.99, 1.25 0.71 0.58, 0.86 16,045 (90.7) 0.81 0.77, 0.86 0.84 0.78, 0.91

Father’s age (years)
�35 5,141 (86.7) Ref Ref 231,644 (92.6) Ref Ref
30–34 5,077 (87.4) 1.06 0.05, 1.18 0.93 0.82, 1.05 190,242 (93.2) 1.10 1.07, 1.12 1.00 0.97, 1.02
25–29 7,030 (88.1) 1.13 1.02, 1.25 0.92 0.81, 1.05 117,956 (92.4) 0.97 0.95, 1.00 0.90 0.87, 0.93
20–24 7,015 (86.6) 0.99 0.90, 1.09 0.75 0.65, 0.87 40,186 (91.3) 0.85 0.82, 0.88 0.82 0.78, 0.86
<20 2,620 (86.0) 0.94 0.83, 1.07 0.70 0.59, 0.85 5471 (90.2) 0.74 0.68, 0.81 0.70 0.63, 0.78

Delivery method
Caesarean 7,441(87.8) Ref Ref 188,898 (93.5) Ref Ref
Instrumentation 2,359 (89.9) 1.23 1.07, 1.42 0.92 0.78, 1.08 75,934 (93.7) 1.04 1.01, 1.08 0.99 0.95, 1.03
Vaginal 19,935 (85.4) 0.81 0.75, 0.87 0.88 0.81, 0.96 333,384 (91.7) 0.77 0.75, 0.78 0.81 0.79, 0.83

Maternal smoking during pregnancy
No 17,562 (89.1) Ref Ref 540,983 (92.7) Ref Ref
Yes 12,161 (82.7) 0.59 0.55, 0.63 0.71 0.66, 0.76 56,484(90.2) 0.72 0.70, 0.74 0.82 0.80, 0.85

Number of previous pregnancies
0 10,795 (90.7) Ref Ref 243,862 (93.2) Ref Ref
1 7,637 (88.5) 0.79 0.72, 0.87 0.72 0.64, 0.80 200,991 (93.3) 1.02 0.99, 1.04 0.99 0.96, 1.01
2 4,809 (86.3) 0.65 0.59, 0.72 0.54 0.48, 0.61 92,953 (91.9) 0.83 0.81, 0.85 0.80 0.78, 0.83
3 or more 6,485 (78.0) 0.37 0.34, 0.40 0.30 0.27, 0.34 60,097 (87.9) 0.53 0.51, 0.54 0.53 0.51, 0.55

Birth Season
Spring 7,671 (86.9) Ref Ref 159,806 (92.7) Ref Ref
Winter 7,965 (85.3) 0.88 0.80, 0.95 0.85 0.77, 0.94 160,045 (92.2) 0.92 0.90, 0.95 0.92 0.90, 0.95
Autumn 7,282 (86.6) 0.98 0.89, 1,07 0.88 0.79, 0.97 144,152 (92.1) 0.92 0.89, 0.94 0.84 0.82, 0.87
Summer 6,827 (86.8) 1.00 0.91, 1.09 0.94 0.85, 1.05 134,319 (92.9) 1.02 0.99, 1.05 0.95 0.92, 0.97

Birthweight group (gms)
<1500 268 (73.6) 0.35 0.27, 0.44 0.46 0.30, 0.70 2,590 (81.4) 0.34 0.31, 0.38 0.46 0.39, 0.54
1500–2499 2,130 (80.4) 0.51 0.46, 0.57 0.70 0.60, 0.83 20,556 (91.1) 0.80 0.77, 0.84 0.90 0.84, 0.96
2500–3499 15,804 (85.6) 0.74 0.69, 0.79 0.86 0.79, 0.93 310,355 (92.5) 0.97 0.96, 0.99 1.02 1.00, 1.04
3500–4499 11,023 (89.0) Ref Ref 254,662 (92.7) Ref Ref
�4500 516 (89.3) 1.03 0.79, 1.35 0.88 0.65, 1.17 10,035 (91.9) 0.89 0.83, 0.96 0.88 0.82, 0.95

(continued on next page)
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Table 4 (continued)

Characteristics Aboriginal Non-aboriginal

n (%) Univariate Adjusted n (%) Univariate Adjusted

OR 95% CI aOR 95% CI OR 95% CI aOR 95% CI

Gestational age (weeks)
�37 27,058 (86.9) Ref Ref 565,943 (92.6) Ref Ref
35–36 1,667 (83.4) 0.76 0.67, 0.85 1.04 0.89, 1.22 21,578 (92.4) 0.98 0.93, 1.03 1.04 0.98, 1.10
33–34 534 (78.9) 0.56 0.47, 0.68 0.89 0.69, 1.15 6,123 (91.4) 0.86 0.79, 0.93 0.96 0.86, 1.06
<33 486 (77.9) 0.53 0.44, 0.64 0.89 0.63, 1.25 4,622 (84.6) 0.44 0.41, 0.47 0.73 0.64, 0.84

Socio-economic index*
91–100% (least disadv) 355 (91.7) Ref Ref 56,409 (93.0) Ref Ref
76–90% 1,276 (90.0) 0.81 0.54, 1.21 0.83 0.53, 1.30 95,917 (93.4) 1.07 1.03, 1.11 1.09 1.04, 1.13
26–75% 11,029 (88.7) 0.71 0.49, 1.02 0.81 0.54, 1.22 288,898 (92.7) 0.96 0.93, 0.99 1.07 1.03, 1.10
11–25% 6,758 (85.8) 0.54 0.38, 0.78 0.70 0.46, 1.06 87,393 (92.0) 0.87 0.84, 0.91 1.09 1.04, 1.13
0–10% (most disadv) 9,028 (84.0) 0.47 0.33, 0.68 0.66 0.43, 0.99 52,076 (91.4) 0.81 0.77, 0.84 1.09 1.04, 1.14

Remoteness index
Major Cities 12,623 (86.8) Ref Ref 457,644 (92.7) Ref Ref
Inner Regional 8,085 (87.7) 1.09 1.00, 1.16 0.99 0.91, 1.08 85,726 (92.8) 1.01 0.98, 1.04 0.94 0.91, 0.97
Outer Regional 4,855 (87.6) 1.08 0.98, 1.19 1.27 1.14, 1.41 30,799 (91.1) 0.80 0.77, 0.83 0.79 0.76, 0.82
Remote 1,988 (82.9) 0.74 0.66, 0.83 1.05 0.92, 1.20 6,207 (93.2) 1.09 0.99, 1.20 1.14 1.03, 1.26
Very Remote 1,044 (78.7) 0.56 0.49, 0.65 1.03 0.86, 1.22 1,592 (92.6) 0.98 0.82, 1.18 1.07 0.89, 1.29

Mother Country of Birth
Australia 28,939 (86.4) Ref Ref 397,134 (93.7) Ref Ref
Overseas 781 (85.5) 0.93 0.77, 1.13 0.65 0.53, 0.80 199,336 (90.2) 0.62 0.61, 0.64 0.57 0.55, 0.58

Infant State of birth
NSW 21,249 (89.0) Ref Ref 453,022 (92.9) Ref Ref
WA 8,496 (80.4) 0.51 0.48, 0.54 0.63 0.58, 0.68 145,300 (91.2) 0.80 0.78, 0.81 0.85 0.83, 0.87

# Receipt of at least one dose of rotavirus vaccine (RV1 or RV5) � 39 days after birth but not restricted to on-time doses.
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burden, should be considered as a strategy for improving vaccine
uptake [29].

Along with uptake, timeliness is recognised as a key measure of
the impact of childhood vaccination programs since the aim of
these programs is to not only afford protection to all children
against vaccine-preventable infections but also to minimise the
time when they are more vulnerable to these infections. To our
knowledge, this is the first study to look at RV coverage at recom-
mended time points among various population sub-groups and
identify patterns and predictors of uptake of RV available through
a nation-wide funded immunisation program. Although 95% of
those immunised with RV received their dose within the recom-
mended upper/lower age limit, on-time vaccine uptake estimates
were as low as 45% in some population subgroups in our study
with uptake being lower for Aboriginal infants across all of the
population subgroups.

The key population subgroups associated with the lowest on-
time vaccine uptake and the lowest odds of receiving the RV in
our study were very preterm and with very low birthweight
infants who are at increased risk of rotavirus gastroenteritis and
its ensuing complications [15,17]. Though the safety and effective-
ness of RV have been demonstrated in preterm and low birth-
weight infants, age-eligible infants in neonatal intensive care
units (NICUs) may not be vaccinated due to residual concerns over
safety or due to potential transmission of live vaccine strains in the
NICU [30]. As these infants are typically inpatients for at least two
months, they are often no longer age-eligible at hospital discharge
[31]. Relaxation of upper age restrictions for RV and earlier admin-
istration of rotavirus vaccine in nurseries would improve uptake in
this vulnerable group.

Higher birth order, younger maternal age, maternal smoking
during pregnancy, mode of delivery and birth in WA were other
factors associated with low vaccine uptake in both Aboriginal
and non-Aboriginal children, factors previously identified as asso-
ciated with decreased and/or delayed vaccine uptake [3,6,7,32].
Please cite this article as: P. Fathima, H. F. Gidding, T. L. Snelling et al., Timelin
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Lower socio-economic status was associated with increased vac-
cine uptake among non-Aboriginal children, but this association
was not significant in Aboriginal children after adjusting for other
factors. Implementation of appropriately targeted vaccination
strategies like active ‘precall’ and ‘recall’ among the groups we
identified merits further evaluation.

The strength of our study is the use of a large comprehensive
population-based cohort, with near complete demographic data,
linked to an immunisation register that captures the individual
immunisation records of 99% of the target population [33]. Also,
since we have reliable data on Aboriginal status, we were able to
compare coverage and determinants of coverage between Aborig-
inal and non-Aboriginal children. Our study, however, does have
some limitations. We lacked information on other factors associ-
ated with immunisation uptake, including religious beliefs, breast-
feeding and parental attitudes. Our vaccination coverage estimates
could be underestimated by about 3%, because records have not
been transmitted to the immunisation register by providers for a
number of reasons including technical problems with the auto-
mated software packages [34].

In conclusion, we have identified several population subgroups
with suboptimal RV uptake among whom measures including
recall and reminders as well as changes in practice among neonatal
nurseries could be beneficial. However, relaxation of the upper age
restriction for rotavirus vaccine doses is the most readily imple-
mentable initiative and evaluating the impact of this change on
disease prevention and adverse outcomes such as intussusception
is essential.
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Appendix 4 

The following published paper relates to Chapter 9A ‘Effectiveness of rotavirus vaccines: 

assessment of vaccine effectiveness using case-control study design’. Co-authorship 

declarations for this paper are provided on page xxx of this thesis. 
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Objective: Two rotavirus vaccines (RV1 and RV5) were included in the publicly funded National
Immunisation Program in Australia from July 2007. The programme in Western Australia initially pro-
vided RV1 (at ages 2 and 4 months) and then switched to RV5 (at ages 2, 4 and 6 months) from July
2009. This retrospective case-control study was conducted to assess the effectiveness of rotavirus vaccine
against laboratory confirmed and notified cases of rotavirus infection among children aged <5 years.
Methods: Case-subjects were identified as vaccine-eligible children (born from 1 May 2007) who were
notified as having rotavirus infection during the period 2009–2011. The control group was vaccine-
eligible children notified as having Campylobacter or Salmonella infection during the same period.
Individual rotavirus immunisation status was ascertained from a population-based immunisation regis-
ter. Full-dose and partial-dose vaccine effectiveness (VE) were calculated for both vaccines using the
adjusted odds ratio (OR) of vaccination for cases versus controls (VE = (1 � OR)*100%).
Results: Overall, 282 cases and 883 controls were included. The adjusted VE for a full course of either
rotavirus vaccine was 72% (95% CI: 56–82) and 71% (95% CI: 50–84) for partial vaccination (one dose
of RV1 or one/two doses of RV5). The VE for a complete 3-dose course of RV5 was 82% (95% CI: 59–92)
and for a full 2-dose course of RV1 was 73% (95% CI: 55–83).
Conclusions: RV1 and RV5 were both effective in preventing laboratory confirmed and notified rotavirus
infections among children aged <5 years. Even incomplete courses of vaccination conferred good
protection.

� 2019 Published by Elsevier Ltd.
1. Introduction

Rotavirus is the foremost cause of severe gastroenteritis among
children aged <5 years, resulting in substantial morbidity and mor-
tality in both the developed and developing world [1]. Prior to the
introduction of rotavirus vaccines, rotavirus accounted for 28% of
all severe cases of gastroenteritis and diarrhoeal deaths globally,
translating to >450,000 deaths and over two million hospitalisa-
tions [2,3]. In Australia, before the introduction of the rotavirus
vaccine program, rotavirus was responsible for up to half of all
diarrhoea-related hospitalisations in children <5 years old, result-
ing in an estimated 22,000 emergency department visits and
10,000 hospitalisations of children each year [4]. The annual direct
medical cost associated with rotavirus infection among Australian
children was estimated to be approximately $30 million [5].
Despite the high morbidity, mortality due to rotavirus is very
low (<1 death per year) in Australia [6].

Currently, the World Health Organization recommends two live
attenuated oral rotavirus vaccines – the 2-dose monovalent human
rotavirus vaccine RV1 (Rotarix; GlaxoSmithKline Biologicals,
Rixensart, Belgium), and the 3-dose pentavalent human-bovine
reassortant vaccine RV5 (RotaTeq; Merck Vaccines, Whitehouse
Station, NJ) for all young children [7,8]. Both vaccines have been
licensed for use in Australia since June 2006 and all infants born
l study,
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since 1 May 2007 have been eligible for rotavirus vaccination
funded by the National Immunisation Program (NIP) [9]. The
programme in Western Australia (WA) provided RV1 at ages 2
and 4 months from July 2007, and then switched to RV5 at ages
2, 4 and 6 months from July 2009 [10]. Since 2008, uptake of rota-
virus vaccine assessed at 12 months of age in WA has been shown
to be around 78–85%.

In pre- and post-licensure studies, both RV1 and RV5 have
demonstrated efficacy and effectiveness against rotavirus-
associated acute gastroenteritis in developed and developing coun-
tries [11–17]. However, studies suggest that rotavirus vaccine
effectiveness (VE) varies from region to region [17]. In Australia,
declines in rotavirus-associated hospitalisations have been
recorded, but studies have also shown differences in VE, depending
upon the study setting [18–20]. To date, the rotavirus vaccination
program has not been assessed in WA and no direct comparative
data exists for these vaccines in Australia. Since WA changed from
RV1 to RV5, the experience provides a unique opportunity to eval-
uate the effectiveness of RV1 and RV5 in the same population using
the same methods. Thus, we assessed the VE of rotavirus vaccines
(RV1 and RV5) against laboratory confirmed and notified rotavirus
infections in children aged <5 years.
2. Methods

2.1. Setting and population

Western Australia (WA) is Australia0s largest state by size, with
a total land area of more than 2.5 million km2. The landscape and
climate varies from a tropical north, temperate south and arid
and semi-arid mid-west and southeast regions. WA is divided into
eight administrative health regions – Metropolitan (WA0s capital
city Perth – North and South), Kimberley, Pilbara, Midwest, Wheat-
belt, Goldfields, South West and Great Southern. Approximately
3.4% of WA0s population of 2.4 million identify as Aboriginal and/
or Torres Strait Islander (hereafter referred to as Aboriginal) [21].
2.2. Data sources

Data on enteric disease notifications were extracted from the
Western Australian Notifiable Disease Database (WANIDD) man-
aged by the WA Department of Health. WANIDD is an intranet-
based real-time application and database that stores information
on all laboratory diagnosed notifiable infectious diseases in WA.
Rotavirus became a notifiable disease in WA from 1 July 2006, pri-
marily to gather data for evaluating the effectiveness of the then
imminent national rotavirus vaccination program [22].

Immunisation data were obtained from the Australian Child-
hood Immunisation Register (ACIR). The Immunisation register is
a national population-based database which includes all children
enrolled in the national health insurance scheme (Medicare) and
at the time of the study recorded details of all vaccines adminis-
tered to children aged up to seven years. ACIR has now been
renamed as the Australian Immunisation Register and records
vaccination details for people of all ages in Australia.
2.3. Study design

We conducted a record-based retrospective unmatched case-
control study to assess the effectiveness of RV1 and RV5 in pre-
venting laboratory confirmed rotavirus gastroenteritis requiring
medical attention (including general practice, emergency depart-
ment visits and/or hospitalisation), among children aged <5 years.
Please cite this article as: P. Fathima, T. L. Snelling and R. A. Gibbs, Effectivene
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2.4. Participants

2.4.1. Cases
Cases were children identified as having laboratory confirmed

rotavirus infection from January 1, 2009 to December 31, 2011.
Only children born on or after May 1, 2007 were included in the
study.
2.4.2. Controls
Control children were chosen from among vaccine-eligible chil-

dren (born on or after May 1, 2007) notified as having non-vaccine
related diarrhoeal diseases of non-rotavirus origin. The control
group consisted of children notified as having Campylobacter infec-
tion or Salmonella infection from January 1, 2009 to December 31,
2011. Inclusion criteria for the controls were identical to those for
cases.
2.5. Immunisation status of the participants

Rotavirus immunisation status of the cases and controls were
ascertained by referring to individual immunisation record on
ACIR. For each vaccine dose, the vaccine type and date of adminis-
tration were recorded. Vaccine doses were only considered valid if
administered �14 days before the date of onset of disease (as
recorded on WANIDD). The vaccination status of each child was
recorded as being fully vaccinated if all recommended doses of
vaccine were administered (2 doses for RV1 or 3 doses for RV5)
�14 days before the disease onset date, partially vaccinated if the
child had received at least one dose but less than the recom-
mended doses, or unvaccinated.

Children aged less than 2 months at the time of disease onset
were excluded as were children whose records were not available
on ACIR. All analyses were restricted to only children who were
older than the age recommended for completion of the rotavirus
vaccinations (24 weeks old for RV1 and 32 weeks old for RV5) at
the time of notification.
2.6. Statistical analysis

Univariate analyses were performed to compare the demo-
graphic characteristics between cases and controls. Pearson
Chi-square tests were used to assess any differences between the
categorical variables in both groups. Logistic regression models
were used to calculate the unadjusted and adjusted odds ratio
(OR) and 95% confidence intervals (CIs) of vaccination in cases
compared with controls. The OR for vaccination with RV1 and
RV5 (versus no vaccination) were estimated separately. For both
cases and controls, RV1-only analyses were restricted to children
born 1 May 2007 – 30 April 2009 and RV5-only analyses were
restricted to children born on or after 1 May 2009. The multivari-
able model was adjusted for age (in years), sex, Aboriginal status
and area of residence (metropolitan or non-metropolitan). VE
was estimated from the OR using the formula VE = (1 � OR) �
100% [23]. Secondary analyses were conducted to assess VE for
partial vaccination (1 dose of RV1 or 1 or 2 doses of RV5), and VE
by age group, region of residence and Aboriginal status. All
analyses were performed using StataTM, version 12.1 (StataCorp).
2.7. Ethics committee approvals

Approval for this studywas granted by the University ofWestern
Australia Human Research Ethics Committee, Western Australian
Department of Health Human Research Ethics Committee and the
Western Australian Aboriginal Health Ethics Committee.
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Table 1
Demographic characteristics of rotavirus cases and non-rotavirus controls.

Characteristic Rotavirus cases
N = 282
n (%)

Non-rotavirus
controls
N = 883
n (%)

p-value

Median age in months 17 (IQRa 11–24) 17 (IQRa 12–26) 0.70
Sex
Male 147 (52) 523 (59) 0.04
Female 135 (48) 360 (41)
Aboriginal status
Aboriginal 37 (13) 94 (11) 0.35
Non-Aboriginal 219 (78) 677 (77)
Region of residence
Non-metropolitan 68 (24) 315 (36) <0.001
Metropolitan 214 (76) 568 (64)

a IQR–Inter quartile range.
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3. Results

A total of 522 rotavirus cases and 1214 Salmonella or Campy-
lobacter controls were identified over the study period. Immunisa-
tion records could not be obtained for 81 (16%) rotavirus cases and
187 (16%) controls. Of the remainder, 282 cases and 883 controls
were eligible to be included in the study (Fig. 1). Based on the
child’s date of birth, 208 cases and 539 controls were RV1 eligible,
and 59 cases and 263 controls were RV5 eligible.

The median age at onset of disease for both the cases and con-
trols was 17 months and the proportion identified as Aboriginal
was similar (Table 1). Controls were more likely than cases to be
male (59% v 52%; p = 0.04), and were less likely to reside in the
metropolitan region of WA (64% vs 76%; p < 0.001). Among cases,
188 (67%) were fully vaccinated, 38 (13%) were partially vaccinated
and 56 (20%) were unvaccinated. The number of controls fully, par-
tially or not vaccinated were 706 (80%), 123 (14%), and 54 (6%)
respectively. Aboriginal children were significantly less likely to
be fully vaccinated than non-Aboriginal children (80% vs 90%;
p < 0.001); vaccination status was not associated with gender or
region of residence.

Compared to unvaccinated children, the adjusted VE against
notified rotavirus infection among children fully vaccinated with
either vaccine was 72% (95% CI: 56–82); the adjusted VE was
71% (95% CI: 48–84) for partial vaccination with either vaccine
(Table 2). The point estimate of VE for fully vaccinated children
was lower among those aged 12–24 months than those aged 6–
11 months (VE 58% vs 88%), albeit with overlapping confidence
intervals (Table 3). Similarly, the point estimates of VE among
non-Aboriginal children were lower than that among Aboriginal
children with overlapping confidence intervals, as was the esti-
mate of VE among metropolitan compared with non-
metropolitan children (Table 3).

VE for a full 2-dose course of RV1 was 73% (95% CI: 55–83) and
for a full 3-dose course of RV5 was 82% (95% CI: 59–92) (Table 2).
The VE was 67% (95% CI: 32–82) for 1 dose of RV1, 39% (95% CI:
�157–85) for 1 dose of RV5 and 81% (95% CI: 39–94) for 2 doses
of RV5 (Table 2). Similar to the overall analysis, point estimates
of VE among non-Aboriginal children were lower than that among
522  
rotavirus  

cases 

1214  
non- rotavirus 

controls 

282  
rotavirus  

cases 

1027 
non- rotavirus 

controls 

441  
rotavirus  

cases 

883  
non- rotavirus 

controls 

(81)   No record on ACIR    (187) 

Not eligible for being fully immunised 
< 2 months of age 

(159)         <24 weeks for RV1         (144) 
<32 weeks for RV5  

Iden�fied from WANIDD 
(n=1736) 

Fig. 1. Flow diagram showing enrolment and exclusion of participants (cases and
controls).
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Aboriginal children in both RV1- and RV5-specific analyses, with
overlapping confidence intervals (Table 3).
4. Discussion

Vaccination with either vaccine was shown to be protective
against rotavirus infection requiring medical attention among chil-
dren aged <5 years. This pattern corresponds with those observed
in other parts of Australia where the introduction of rotavirus vac-
cination in the NIP has not only reduced the burden of gastroen-
teritis related hospitalisations in young children [16,24–26], but
has also demonstrated a strong herd protective effect among older
vaccine-ineligible children [16,18,24].

In our setting, a complete course of either rotavirus vaccine con-
ferred a 72% (95% CI: 56–82%) protective effect against laboratory
confirmed and notified rotavirus gastroenteritis. Furthermore, par-
tial vaccination (1 dose of RV1 or 2 doses of RV5) conferred a sim-
ilar protective effect. These VE estimates are comparable to the VE
of the two vaccines estimated in other studies in developed coun-
tries where both vaccines are being used concurrently [27–29].
With regard to the individual vaccines, complete courses of both
RV1 and RV5 exhibited a good protective effect against rotavirus
gastroenteritis with an estimated VE of 73% (95% CI: 55–83) and
82% (95% CI: 59–92) for RV1 and RV5 respectively. Published VE
reviews summarised the VE range of 76–85% for RV1 and 85–
100% for RV5 in Australia and/or other developed countries
[30,31]. Most of these studies focussed on rotavirus requiring hos-
pitalisation whereas the present study included ambulatory partic-
ipants accessing general practices, ED services as well as
hospitalisations and this may account for the slightly lower VE
point estimates in this study.

Despite the modestly lower point estimate of VE for RV1 com-
pared to RV5 in this study, there was considerable overlap in the
observed confidence intervals. Differences in the circulating strains
of rotavirus in the community could potentially affect the VE esti-
mates of RV1 and RV5. RV1 is a live, monovalent, attenuated oral
rotavirus vaccine derived from the most common human rotavirus
strain G1P [8,32]. This vaccine has demonstrated good efficacy
against severe rotavirus gastroenteritis caused by serotypes G1,
G3, G4 and G9, but possibly lesser protection against severe disease
associated with G2 strains which are heterotypic to the vaccine
strain [12]. Post-licensure studies have shown mixed results for
the effectiveness of this vaccine against G2 associated strains and
G2P [4] strains have emerged as the dominant circulating serotype
in some settings using RV1 vaccine [20,33–35]. RV5 is a live, pen-
tavalent (G1, G2, G3, G4, P [8]) human–bovine reassortant vaccine,
and has been shown to be highly effective against G2P [4] (which is
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Table 2
Effectiveness of rotavirus vaccine against notified rotavirus infection in WA (2009–2011) by vaccination status and vaccine type.

Immunisation status Rotavirus
cases
n (%)

Non-rotavirus controls
n (%)

Vaccine effectiveness % (95% CI)

Unadjusted Adjusteda

RV1/RV5 N = 282 N = 883
Unvaccinated 56 (20) 54 (6) Ref. Ref.
Partially vaccinatedb 38 (13) 123 (14) 70 (50, 82) 71 (48, 84)
Fully vaccinatedc 188 (67) 706 (80) 74 (61, 83) 72 (56, 82)
RV1d N = 208 N = 539
Unvaccinated 42 (20) 39 (7) Ref. Ref.
1 dose 22 (11) 59 (11) 65 (33, 82) 67 (32, 82)
2 doses 144 (69) 441 (82) 70 (51, 81) 73 (55, 83)
RV5e N = 59 N = 263
Unvaccinated 14 (24) 15 (6) Ref. Ref.
1 dose 5 (8) 8 (3) 33 (�154, 82) 39 (�157, 85)
2 doses 7 (12) 35 (13) 79 (36, 93) 81 (39, 94)
3 doses 33 (56) 205 (78) 83 (61, 92) 82 (59, 92)

a Adjusted for sex, age in years, Aboriginal status and region of residence.
b 1 dose of RV1 OR 1/2 doses of RV5.
c 2 doses of RV1 OR 3 doses of RV5.
d RV1-only analyses were restricted to children born 1 May 2007 – 30 April 2009.
e RV5-only analyses were restricted to children born on or after 1 May 2009.

Table 3
Effectiveness of complete course of rotavirus vaccinea against notified rotavirus infection in WA (2009–2011) by vaccine type, age, Aboriginal status and region of residence.

RV1/RV5a RV1 RV5

Cases/controls Adjusted vaccine
effectiveness% (95% CI)

Cases/controls Adjusted vaccine
effectiveness% (95% CI)

Cases/controls Adjusted vaccine
effectiveness% (95% CI)

Age groupb

6–11 months 69/177 88 (69, 96) 38/84 78 (2, 95) 27/79 95 (71, 99)
12–24 months 112/352 58 (20, 78) 88/187 54 (2, 79) 19/133 51 (�99, 88)
Aboriginal statusc

Aboriginal 28/77 83 (48, 95) 20/50 82 (32, 95) 8/19 86 (�35, 99)
non-Aboriginal 193/583 69 (48, 81) 151/363 60 (36, 80) 33/176 76 (27, 92)
Region of residenced

Metropolitan 194/484 63 (37, 78) 150/301 59 (28, 77) 34/149 81 (49, 93)
Non-metropolitan 50/276 89 (71, 96) 36/179 88 (63, 96) 13/71 84 (20, 93)

a 2 doses of RV1 OR 3 doses of RV5.
b Model adjusted for sex, Aboriginal status and region of residence.
c Model adjusted for sex, age in years and region of residence.
d Model adjusted for sex, age in years and Aboriginal status.
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partly heterotypic to RV5) in post-licensure studies [36]. Over the
course of the study period, G2P [4] was identified as the most com-
mon strain in WA, representing nearly 66% of all specimens anal-
ysed [37]. Also, we note that VE analysis for RV1 included
children up to age 4 years whereas VE analyses for RV5 only
included children up to 2 years. Although the regression models
were adjusted for age of the child at the time of disease onset, wan-
ing immunity could have had a differential influence on VE esti-
mates for RV1 and RV5.

Historically, the burden of gastroenteritis in young children in
WA has been higher in Aboriginal than in non-Aboriginal children,
with approximately five times greater rotavirus-related hospitali-
sation rates in the Aboriginal group [6]. The reduction in
gastroenteritis-related hospitalisations has been more modest
among Aboriginal than non-Aboriginal Australian children [24].
We found no evidence of differences in VE among Aboriginal and
non-Aboriginal children in WA, suggesting that reduced impact is
more likely due to documented lower coverage rather than vaccine
failure [38]. This finding underscores the importance of timely vac-
cination in Aboriginal children.

One of the main strengths of this study is that the controls were
selected among children presenting with a clinically compatible
illness (two common types of bacterial gastroenteritis), similar to
the test-negative design for vaccine effectiveness studies described
Please cite this article as: P. Fathima, T. L. Snelling and R. A. Gibbs, Effectivene
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elsewhere [39]. The strength of this method is that it protects
against ascertainment bias which might arise if a child0s vaccina-
tion status is associated with patterns of either health seeking or
testing behaviour. The choice of control group implicitly assumes
that children with bacterial gastroenteritis are no more or less
likely to be rotavirus vaccinated than other children in the source
population; we were not able to confirm this is true although we
have no specific reason to believe otherwise. Vaccination status
was ascertained identically for cases and controls, using data sys-
tematically recorded on a comprehensive population-based immu-
nisation register. Bias from misclassification of vaccination status
was therefore unlikely.

Compared to clinical trial evidence, there are several limitations
to the findings of this study. Not every child who presents to a gen-
eral practitioner or the ED with symptoms of gastroenteritis under-
goes rotavirus testing and so the included cases may not be
representative of all rotavirus infections in the community. If only
severe cases were tested, VE may be overestimated. Rotavirus anti-
gen testing of faecal samples was conducted at different pathology
laboratories in the state. Each laboratory has its own stool testing
method and each method has its own sensitivity and specificity
[40]. Any false positive results are likely to result in some underes-
timation of VE, while false negatives might also result in underes-
timation of VE if controls with culture confirmed bacterial
ss of rotavirus vaccines in an Australian population: A case-control study,
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gastroenteritis coincidentally had undetected rotavirus infection.
We note that there was no overlap in the time periods in which
RV1 and RV5 were administered limiting our ability to directly
compare VE estimates for RV1 and RV5. Changes in prevailing
strains or in testing patterns over the study period, for example,
might favour VE estimates for one vaccine over another.

In conclusion, two doses of RV1 and three doses of RV5 both
appear effective for providing protection against clinically identi-
fied and notified rotavirus infection among WA children aged
<5 years old. Even incomplete vaccination appears to confer mod-
erately high protection. The benefits of timely immunisation with
rotavirus vaccine in preventing rotavirus gastroenteritis should
be emphasised and encouraged in the population.
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Abstract
Background: Post-licensure surveillance studies have shown a small but increased 
risk of intussusception among infants in the days following rotavirus vaccination (RV).
Objectives: We assessed the temporal trends of intussusception-coded hospitalisa-
tions before and after the commencement of a universal rotavirus vaccination pro-
gramme in Western Australia (WA) in 2007. We also assessed the perinatal factors 
and pathogens associated with these hospitalisations. 
Methods: Intussusception-coded hospitalisations occurring in a cohort of 367 476 
WA-born children (2000-2012) aged <5 years were probabilistically linked to peri-
natal and pathology records. Age-specific incidence rates for overall and pathogen-
specific intussusception-coded hospitalisations were calculated before (2000-2006) 
and after (2008-2012) RV introduction. Adjusted Cox proportional hazards models 
were used to assess perinatal risk factors for intussusception.
Results: The overall rate of intussusception-coded hospitalisation was 26.4 per 
100 000 child-years (95% confidence interval [CI] 24.0, 29.0) among children aged 
<5 years, with rates being 70% higher (95% CI 39, 107) in the RV period than in the 
pre-RV period. Compared with the pre-RV period, rates were higher among those 
aged 12-23 months (by 55%, 95% CI 5, 127) and 2-4 years (by 84%, 95% CI 20, 182) 
in the RV period. However, the risk of intussusception-coded hospitalisations associ-
ated with intussusception management-related procedure code(s) was similar among 
all age groups in both birth periods. Among infants aged <12 months, male sex, non-
Aboriginal status, birth to multiparous mothers, and birth in RV era were independent 
risk factors associated with intussusception-coded hospitalisations. Adenovirus was 
strongly associated with intussusception (6.7 per 100 000 child-years, 95% CI 5.3, 9.3).
Conclusions: The risk of intussusception-coded hospitalisations was higher post-RV 
introduction, but not for intussusception-coded hospitalisations associated with pro-
cedure code(s). The increase was no higher in the vaccine-eligible age group than in 
older age groups, suggesting that the apparent increase is likely to be attributable to 
causes other than vaccination.
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1  | BACKGROUND

Intussusception, which predominantly occurs in infants and young 
children, is a form of intestinal obstruction caused by the self-invagi-
nation of the bowel; it can be fatal if not treated by enema reduction 
or surgery.1 The burden of intussusception in infants in their first 
year of life is estimated to be 74 per 100 000 children with peak inci-
dence among infants aged 5-7 months.2 The aetiology of paediatric 
intussusception is not fully understood—it is usually idiopathic but 
sometimes occurs in a number of infective and non-infective condi-
tions.3 Adenovirus (including non-enteric adenovirus), enterovirus, 
and rotavirus are the most common pathogens identified in stool 
samples from children with intussusception.4-6

Rotavirus gastroenteritis is the most common cause of acute 
dehydrating diarrhoea in infants and young children.7 The first li-
censed oral rotavirus vaccine, RRV-TV (rhesus rotavirus tetravalent; 
RotaShield), was withdrawn from use in 1999 once an increased risk 
of intussusception was identified in the first 1-2 weeks following re-
ceipt of the first and second dose.8 In 2006, two oral live attenuated 
rotavirus vaccines—RV1 (monovalent human RV, Rotarix®) and RV5 
(pentavalent bovine-human re-assortment vaccine, RotaTeq®)—were 
licensed and recommended for use in all infants at 2 and 4 months of 
age (RV1) or at 2, 4, and 6 months of age (RV5). Both these oral vac-
cines were shown to be efficacious and safe with no increased risk of 
intussusception in pre-licensure clinical safety trials.9,10 In Australia, 
RV1 and RV5 were included in the National Immunisation Program 
(NIP) in July 2007, with all infants born from 1 May 2007 eligible 
for vaccination. Since 2008, uptake of rotavirus vaccine has been 
estimated to be around 85% in Western Australia.11 Post-licensure 
surveillance studies, including studies from Australia, have shown a 
small but significant increased risk of intussusception following rota-
virus vaccination, especially after receipt of the first dose.12-15

In Australia, there is a paucity of population-level data on tem-
poral trends of intussusception pre- and post-rotavirus vaccination 
introduction. We used total population-based linked data to exam-
ine the temporal trends in intussusception-coded hospitalisations 
in young children prior to and following introduction of the rotavi-
rus vaccination programme in Western Australia. We also aimed to 
investigate the perinatal risk factors and the pathogens associated 
with these hospitalisations.

2  | METHODS

2.1 | Data sources

We conducted a retrospective record linkage cohort study of all 
livebirths in Western Australia between 2000 and 2012, identified 
through the Midwives' Notification System and/or the Birth and 
Death Registry. Both these data sets together capture nearly 100% 
of births in Western Australia. Along with socio-demographic infor-
mation (including date of birth and parental postcode of residence), 
the cohort data set also included maternal medical and obstetric 

history, details of labour and delivery, characteristics of the child at 
birth, and infant outcomes as recorded by the attending midwife or 
physician.

Individual-level data pertaining to the children in the birth cohort 
were probabilistically linked to hospitalisation separation records 
between January 2000 and December 2013 (herein referred to as 
hospital admissions) from the Hospital Morbidity Data Collection 
(HMDC), and routine faecal or blood specimen testing records be-
tween 2000 and 2013 from the PathWest Laboratory Medicine da-
tabase (PathWest). All linkages were conducted through the Western 
Australian Data Linkage Branch (WADLB). In the absence of a unique 
individual identifier in Australia, probabilistic linkage is used across 
data sets using multiple person identifiers such as name, date of birth, 
sex, and residential address.16 Aboriginal and/or Torres Strait Islander 
status (herein referred to as Aboriginal) of the child was identified 
using a derived Aboriginal identification variable provided by WADLB 
that uses Aboriginal identification information across all available data 
sets.17

2.2 | Hospital data

The HMDC records all inpatient episodes of care from all pub-
lic and private hospitals in Western Australia. We identified hos-
pital admissions with an International Statistical Classification 

Synopsis

Study question

To assess the impact of rotavirus vaccination (RV) on intus-
susception-coded hospitalisations in young children and to 
assess the perinatal factors and pathogens associated with 
these hospitalisations.

What's already known

Post-licensure surveillance studies have shown a small but 
significant increased risk of intussusception among infants 
in the days following rotavirus vaccination.

What this study adds

In this retrospective record linkage study of approximately 
350 000 Australian-born children, the introduction of the 
RV programme was not associated with an increase in the 
risk of intussusception-coded hospitalisations. Male gender, 
non-Aboriginal status, birth to multiparous mothers, and 
birth in the RV era were significant independent risk factors 
associated with intussusception-coded hospitalisations. 
Adenovirus was strongly associated with intussusception.
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of Diseases 10th edition, Australian Modification (ICD-10-AM) 
discharge diagnosis code of K56.1 (intussusception) listed in the 
principal, or in any of the twenty additional diagnostic fields. Inter-
hospital transfers and transfers within the same hospital with the 
same diagnosis code were grouped into a single hospital admission. 
Intussusception-coded admissions within 30 days of a previous in-
tussusception-coded admission were grouped as a single episode. 
Surgical and/or non-surgical (air and/or barium enema) procedure 
codes (Table S1), listed in the principal or in any of the 10 additional 
procedure codes of the intussusception-coded hospitalisation re-
cord, were also identified.

2.3 | Pathology data

PathWest is the sole public pathology provider in Western Australia 
and also processes referred samples from private pathology labora-
tories in Western Australia. Using the derived unique person iden-
tifier, all intussusception-coded hospital admissions were linked to 
the pathology records. A faecal or blood specimen pathology record 
was deemed to be related to an intussusception-coded hospitalisa-
tion if the date of specimen collection was within 48 hours of an 
intussusception-coded hospital admission. If the same person had 
multiple pathology records within the 48-hour period, results were 
merged onto the same admission record.

For gastrointestinal bacterial pathogens, any positive culture or 
polymerase chain reaction (PCR) result from a blood or faecal speci-
men was considered to be the causative pathogen for that episode of 
infection. For viral pathogens, positive results from blood or faecal 
specimens on which gastrointestinal virus testing was conducted (in-
cluding using antigen detection [eg immunofluorescent antibodies], 
PCR, and viral culture) were considered to be causative. If multiple 
pathogens (bacterial, viral, or in combination) were identified in the 
same specimen (co-detection), the episode of infection was con-
sidered to have a coinfection. During the study period, only single 
pathogen PCR assays were available for use (ie multiplex PCR assays 
were not routinely available).

2.4 | Statistical analyses

Using all intussusception-coded hospitalisations as the numerator and 
age-specific cohort person-time at risk as the denominator, incidence 
rates of intussusception-coded hospitalisations were calculated per 
100 000 child-years. We initially grouped intussusception-coded 
hospitalisations in the following age groups: <2 months, 2-3 months, 
4-5 months, 6-7 months, 8-11 months, 12-23 months, and 2-4 years. 
Due to no or small number of intussusception-coded hospitalisations 
in particular age groups and also in order to specifically capture the 
age window of interest for intussusception (2-7 months old), the age 
groups were refined to 2-7 months, 8-11 months, 12-23 months and 
2-4 years. EpiBasic (version 3) was used to estimate the incidence 
rate ratios (IRR) and exact 95% confidence interval (CI) for different 

age groups, between those born in the pre-rotavirus vaccination 
period (2000-2006) and post-rotavirus vaccination period (2008-
2012). To address the possibility of misdiagnosis of intussusception, 
a post hoc sensitivity analysis was performed by restricting the out-
come to only those intussusception-coded hospitalisations that had 
a procedure code(s) listed; intussusception rarely resolves without 
intervention and so it is expected that this outcome is more specific 
but possibly less sensitive. Pathogen-specific intussusception-coded 
hospitalisation rates in children aged <5 years were also calculated. 
Since the rotavirus vaccination programme was introduced in mid-
2007, data from 2007 were excluded in all the trend analyses.

Risk factors for intussusception were chosen a priori, based on 
known association with intussusception and/or gastroenteritis-re-
lated hospitalisations in children and data availability, including 
mode of delivery, maternal age at delivery. season of birth, preterm 
birth, socio-economic status, gestational age, sex, and period of birth 
(pre- or post-rotavirus vaccination introduction).18 Cox proportional 
hazards regression was used to calculate the adjusted hazard ratios 
for the association between the independent exposure variables 
and first intussusception-coded hospitalisation. The censor date was 
set to the date of first hospitalisation for intussusception, date of 
death, or end of the study period (December 31, 2013), whichever 
occurred first. Separate models were conducted to assess perinatal 
risk factors for first intussusception-coded hospitalisation in infants 
<12 months, those 12-23 months and those 2-4 years. Data cleaning 
and analyses were conducted using Stata (version 15.1).

2.5 | Missing data

Among the covariates included in the study, data were missing (<4%) 
only for socio-economic status.

2.6 | Ethics approval

This study was conducted with approvals from the Western 
Australian Department of Health Human Research Ethics Committee, 
the Western Australian Aboriginal Health Ethics Committee, and the 
University of Western Australia Human Research Ethics Committee. 
As per the request of the data custodians, individual table cell sizes 
of <5 have been suppressed.

3  | RESULTS

The birth cohort comprised 367 476 children born in Western 
Australia between 2000 and 2012; 6.7% identified as Aboriginal. 
Over the course of the 14-year study period (2000-2013), 431 
(Aboriginal n = 10) intussusception-coded hospital admissions were 
identified among children in the cohort in their first 5 years of life, 
of whom 133 (30.9%) were aged <7 months, 87 (20.2%) were aged 
7-11 months, 114 (26.4%) were aged 12-23 months, and 97 (22.5%) 
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were aged 2-4 years. The male to female ratio was approximately 
3:2 in all age groups. Only 10 (2.3%) intussusception-coded hospi-
tal admissions occurred in Aboriginal children. The median age for 
intussusception-coded hospitalisations was similar in both the pre-
rotavirus and rotavirus vaccination periods—11 months (interquar-
tile range [IQR] 7-22 months). The median length of hospital stay 
was 2 days (IQR 2-3 days). Of the 431 intussusception-coded hospi-
talisations, 240 (55.7%) had a procedure code listed on their hospital 
record; 72 (30.0%) of these were for surgical intervention and 168 
(70.0%) were for a non-surgical intervention.

The overall rate of intussusception-coded hospitalisation was 
26.4 per 100 000 child-years (95% CI 24.0, 29.0), with the highest 
rate among children aged <12 months (Table 1). The rate of intus-
susception-coded hospitalisation among Aboriginal children aged 
<5 years was lower than among non-Aboriginal children (IRR 0.33, 
95% CI 0.18, 0.62). Compared with children born in the pre-rota-
virus vaccination period (2000-2006), intussusception-coded hos-
pitalisation rates were 70% higher (95% CI 39, 107) among those 
born in the rotavirus vaccination period (2008-2012). The unad-
justed rate ratios were greater among children aged 12-23 months 
(IRR 1.55, 95% CI 1.05, 2.27; Table 1) and 2-4 years (IRR 1.84, 95% 
CI 1.20, 2.82; Table 1). Rates of intussusception-coded hospital-
isations associated with a procedure code(s) were similar among 
those born in the rotavirus vaccination period and those born in 
the pre-rotavirus vaccination period (IRR: 1.21, 95% CI 0.91, 1.60; 
Table 1).

Among children aged <12 months, male sex, non-Aboriginal sta-
tus, birth to multiparous mothers, and birth in the rotavirus vacci-
nation era were independent risk factors for intussusception-coded 
hospitalisation in the adjusted Cox model (Table 2). Among children 
aged 12-23 months, male sex was strongly associated with intus-
susception-coded hospitalisations, but births during the rotavirus 

vaccination period and birth to a mother with ≥2 previously recorded 
pregnancies were not (Table 2). Among children aged 2-4 years, 
none of the factors analysed were associated with hospitalisation 
for intussusception.

Two hundred and sixty (60.3%) of all intussusception-coded 
hospitalisations linked to a laboratory record for pathogen test-
ing from faecal or blood specimens, and of these, 46.9% had ≥1 
pathogen(s) identified (Figure 1). The proportion of hospitalisa-
tions that linked to a laboratory test record was higher in the 
rotavirus vaccination period compared with the pre-rotavirus 
vaccination period (71.9% vs 38.7%) indicating increased patho-
gen testing in the later period (Figure 1); among those tested, the 
identification of ≥1 pathogen(s) was higher in the rotavirus vac-
cination period (54.5% vs 20.7%; Figure 1). Due to changes/ad-
vances in testing practices over the study period, we only report 
pathogen-specific intussusception-coded hospitalisation rates 
among children born in the rotavirus vaccination period (2008-
2012; Table 3). Adenovirus, enterovirus, and rotavirus were the 
most common pathogens identified among intussusception-coded 
hospitalisations (Table 3). The median age of rotavirus-positive 
intussusception-coded hospitalisations in the rotavirus vaccina-
tion period was 4 months (IQR 3-10) whereas the median age for 
adenovirus-positive intussusception-coded hospitalisation was 
10 months (IQR 7-15).

4  | COMMENT

4.1 | Principal findings

In our study, increased risk in intussusception-coded hospitalisa-
tions was observed among children aged <5 years in the rotavirus 

TA B L E  1   Intussusception-coded hospitalisation rates per 100 000 among children aged <5 y: overall and by birth in the pre-rotavirus 
vaccine (RV) period (2000-2006) and RV period (2008-2012)

Age group

2000-2012
Born in pre-RV period 

2000-2006 Born in RV period 2008-2012 IRRa 

Cases Rate (95% CI) Cases Rate (95% CI) Cases Rate (95% CI) IRR (95% CI)

(A) All intussusception-coded hospitalisations

2-7 mo 133 45.3 (36.5, 56.1) 35 39.1 (28.1, 54.4) 43 54.5 (40.4, 73.5) 1.40 (0.89, 2.18)

8-11 mo 87 69.8 (56.6, 86.2) 40 65.8 (48.2, 89.6) 36 67.2 (48.5, 93.1) 1.02 (0.65, 1.60)

12-23 mo 114 31.5 (26.2, 37.9) 46 25.7 (19.3, 34.3) 61 39.9 (31.0, 51.1) 1.55 (1.05, 2.27)

2-4 y 97 10.8 (8.8, 13.1) 43 8.0 (6.0, 10.8) 41 14.8 (10.7, 20.0) 1.84 (1.20, 2.82)

Total 431 26.4 (24.0, 29.0) 185 20.7 (17.9, 23.9) 207 35.2 (30.7, 40.3) 1.70 (1.39, 2.07)

(B) Intussusception-coded hospitalisations associated with intussusception treatment-related procedure code(s)

2-7 mo 70 38.7 (30.6, 48.9) 34 38.5 (27.5, 53.8) 32 41.1 (29.1, 58.1) 1.07 (0.64, 1.78)

8-11 mo 61 49.0 (38.1, 62.9) 30 49.3 (34.5, 70.5) 22 41.1 (27.0, 62.3) 0.83 (0.46, 1.49)

12-23 mo 67 18.5 (14.6, 23.5) 31 17.3 (12.2, 24.6) 32 20.9 (14.8, 29.5) 1.20 (0.71, 2.04)

2-4 y 42 4.7 (3.4, 6.3) 25 4.7 (3.2, 6.9) 10 3.6 (1.9, 6.7) 0.77 (0.33, 1.66)

Total 240 14.7 (13.0, 16.7) 120 13.4 (11.2, 16.1) 96 16.3 (13.4, 19.9) 1.21 (0.91, 1.60)

aIncidence rate ratio comparing rates among children born 2008-2012 with those born 2000-2006. 
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vaccination era in Western Australia, but not for intussuscep-
tion-coded hospitalisations associated with procedure code(s). 
Also, the increased risk was observed across all age groups in 
children aged <5 years and not confined to only the vaccine-
eligible age group. We identified male gender, non-Aboriginal 
status, birth to multiparous mothers, and birth in the RV era as 
significant independent risk factors associated with intussuscep-
tion-coded hospitalisations. Adenovirus was the most common 
pathogen identified among children with intussusception-coded 
hospitalisations.

4.2 | Strengths of the study

To our knowledge, this is the first study to use population-level 
birth cohort data to assess the epidemiology of all-cause and 
pathogen-specific intussusception-coded hospitalisations in rela-
tion to the introduction of rotavirus vaccination programme and 
to assess perinatal risk factors for intussusception. The strength 
of this study is the use of a large comprehensive population-based 
cohort, spanning the pre- and post-rotavirus vaccination periods, 
using validated health administrative data sets. Furthermore, be-
cause of our ability to link the intussusception-coded hospitali-
sations to their laboratory testing data, our data included both 
positive and negative results.

4.3 | Limitations of the data

Our study has some limitations. This is an ecological analysis without 
individual linkage to the child's rotavirus immunisation status, and 
thus, the relationship between rotavirus vaccination and the individ-
ual risk of intussusception could not be assessed directly. We have 
necessarily assessed the apparent impact of the universal vaccine 

programme on intussusception rates, rather than the individual risk 
attributable to vaccination per se. We relied on ICD codes to iden-
tify intussusception-coded hospitalisations. Heightened awareness 
of the possibility of intussusception following rotavirus vaccination 
could have resulted in over-diagnosis after the introduction of the 
vaccine. Chart reviews conducted in Australia and elsewhere have 
shown that 12%-54% of all ICD-coded episodes of intussusception 
do not meet the Brighton level 1 criteria for a definitive diagnosis 
of intussusception,13 and so, cases may have been misclassified and 
the rates overestimated. This is reflected in the lower estimates of 
the rates obtained in our sensitivity analyses wherein the specificity 
of the outcome was increased by restricting the outcome to only 
those intussusception-coded hospitalisations that had a procedure 
code listed.

4.4 | Interpretation

The introduction of rotavirus vaccination has had a substantial 
impact on disease burden in both developed and developing set-
tings, with significant reductions observed in both mortality and 
morbidity related to rotavirus and all-cause gastroenteritis.19 A 
systematic review estimated rotavirus effectiveness against hos-
pitalisation for laboratory confirmed rotavirus gastroenteritis to 
be 89% (95% CI 84, 92) in high-income countries and 74% (95% CI 
75, 86) in middle-income countries.20 In Australia, declines in ro-
tavirus-associated hospitalisations among children aged <5 years 
have been observed following the implementation of the univer-
sal rotavirus vaccination programme, and studies have shown 
moderate-high vaccine effectiveness depending upon the study 
setting.21-25

Several post-licensure studies have identified a small increased 
risk of intussusception following the first dose of rotavirus vac-
cine.12,14 In our study, although there was a 70% increase in overall 

Risk factor

<1 y 12-23 mo 2-4 y

aHR (95% CI) aHR (95% CI) aHR (95% CI)

Sex

Female 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Male 1.36 (1.04, 1.79) 2.80 (1.81, 4.33) 1.46 (0.96, 2.23)

Aboriginal status

Non-Aboriginal 1.00 (Reference) NA 1.00 (Reference)

Aboriginal 0.38 (0.17, 0.86) NA 0.66 (0.24, 1.80)

Number of previous pregnancies

<2 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

≥2 1.19 (1.04, 1.36) 1.08 (0.89, 1.31) 0.93 (0.75. 1.15)

Birth period

Pre-rotavirus vaccine period 
(2000-2006)

1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Rotavirus vaccine period 
(2008-2012)

1.35 (1.03, 1.77) 1.41 (0.96, 2.08) 1.38 (0.92, 2.09)

TA B L E  2   Adjusted hazard ratios (aHRs) 
for association between perinatal factors 
and intussusception-coded hospitalisation 
by age group
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intussusception-coded hospitalisations in the rotavirus vaccination 
era, the increase was no greater in the 2- to 7-month-old vaccine-eli-
gible cohort (40%) than in those aged 12-23 months (55%) and those 
aged 2-4 years (84%), suggesting the apparent increase is not attrib-
utable to the rotavirus vaccination programme. Furthermore, there 
was no significant change in rates of intussusception-coded hospi-
talisation associated with a procedure code suggesting that part of 
the increase may be due to less specific application of the intussus-
ception code over time. Adenovirus-positive intussusception-coded 
hospitalisation rate was more than three times higher than rotavi-
rus-positive intussusception-coded hospitalisation rate in the rota-
virus vaccination period. The association of adenovirus (especially 
human adenovirus C) with intussusception has been found by pre-
vious studies while evidence for a causal effect of natural rotavirus 
infection has been inconclusive.4-6

Male sex was identified as an independent risk factor for 
intussusception-coded hospitalisations in all age groups. This 
finding is consistent with previous studies of intussusception 
epidemiology and may be attributable to a higher density of 
mesenteric lymphoid tissue in males.26,27 Among infants aged 
<12 months, those with two or more older siblings had a 20% 
greater risk of intussusception than those with none or only one 
older sibling. Having older siblings may increase the risk of ex-
posure to intussusception-causing infections. Consistent with 
other Australian studies, the incidence of intussusception-coded 
hospitalisations was appreciably lower among Aboriginal chil-
dren than non-Aboriginal children.27,28 Variation in incidence 
among different ethnicities has been observed in some, but not 
all, previous studies.29 Although differences in weaning prac-
tices, socio-economic status, and infection prevalence have 
been hypothesised to contribute to ethnic disparities, a study 
comparing Australian and Vietnamese children did not find any 
difference in the pathophysiology of intussusception in the two 
ethnic groups.4

5  | CONCLUSIONS
In conclusion, there has been an apparent increase in intussuscep-
tion-coded hospitalisations in Western Australia in the rotavirus 
vaccination era, but not for intussusception-coded hospitalisations 
associated with procedure code(s). Also, the observed increased risk 
was not confined to the vaccine-eligible age group, suggesting the 
increase is unlikely to be attributable to vaccination. The magnitude 
of the direct and indirect protection afforded by rotavirus vaccines 
against rotavirus gastroenteritis, globally and in Australia, far out-
weighs the minimal increased risk of intussusception following rota-
virus vaccination.

F I G U R E  1   Flow chart showing linkage of PathWest laboratory data to intussusception-coded hospitalisations (2000-2014) among 
children aged <5 y

TA B L E  3   Pathogen-specific intussusception-coded 
hospitalisation rate (per 100 000 child-years) among children born 
in the rotavirus vaccination period (2008-2012) and aged <5 y

Pathogens
Tested
N = 166 Positive (%) Rate (95% CI)

Adenovirus 106 48 (45.3) 7.00 (5.3, 9.3)

Rotavirus 138 14 (10.1) 2.0 (1.2, 3.4)

Enterovirus 100 21 (21.0) 3.1 (2.0, 4.7)

Norovirus 103 9 (8.7) 1.3 (0.7, 2.5)

Salmonella 135 <5 (<3.7) 0.6 (0.2, 1.6)

Othersa  166 14 (8.4) 0.5 (0.2, 1.3)

aOther pathogens include Cryptosporidium, Campylobacter species, 
Clostridium difficile, Escherichia coli, Aeromonas, Shigella species, and 
Giardia species. 
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