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Executive summary
Rotaviruses are the leading cause of severe diarrhoeal illness in infants worldwide affecting virtually every 
child either in infancy or early childhood. Infections are most severe in infants three months to 24 months 
of age. Universal infant rotavirus vaccination programmes for all countries are recommended by the World 
Health Organization (WHO). 

Current rotavirus vaccines on the world market are live attenuated, and focused on the common human P 
and G serotypes.  Two international vaccines are licensed in NZ:  Rotarix® (RV1) is a live attenuated human 
rotavirus strain P1A[8]G1 and RotaTeq® (RV5) is a pentavalent human-bovine reassortment containing G 
types 1-4 (VP7) and P[8] (VP4).   There are a range of other live attenuated rotavirus vaccines in the pipeline.

In New Zealand (NZ) the third largest cause of potentially avoidable paediatric admissions to hospital 
is gastroenteritis (from all causes), preceded only by respiratory infections and asthma. Rotavirus 
gastroenteritis represents approximately 40% of the overall gastroenteritis hospitalisation burden. Rotavirus 
gastroenteritis is more common in children aged 12-35 months, followed by those six to 11 months and is less 
common in infants under six months. There is clear seasonality, with over half of cases occurring in winter/
spring. NZ data estimates of the burden of disease predict that by the age of five years, one in five children 
will have sought medical advice for rotavirus gastroenteritis, and one in 43 will have been hospitalised. 
Mortality is very rare. 

The predominant NZ circulating strain is G1, followed by G4 which is similar to the European and United 
States (US) pattern. However, NZ has significant regional differences and rarer strains have been identified, 
highlighting the importance of on-going surveillance.

The individual studies and pooled data from all studies for RV1 and RV5 have not raised any significant 
safety concerns for either vaccine, except for rare case reports of Kawasaki disease post vaccination.  
Association does not necessarily mean causation. There are no extra safety concerns for preterm infants. 
Children with human immunodeficiency virus (HIV) do not appear to have any extra safety risks, with the 
possible exception of prolonged shedding. There is reportedly a possible increased risk of intussusception 
in day one to seven post the first dose for both vaccines, with an increased risk in the order of 1.9 to 2.6 
times. It is unclear if this translates to an overall increase in number of cases.  Contamination by pieces of 
porcine circovirus (PCV) genome has been found in both vaccines but is not expected to pose any safety 
problems. Prolonged shedding is possible- particularly for RV1. This is most likely to occur in those who are 
immunocompromised, and is then more likely to transmit to individuals who have not been vaccinated. To 
date this has not created any safety concerns. Occasional reassortants have been observed and potentially, 
may cause gastroenteritis symptoms. 

Other potential vaccine safety issues include:  higher rates of viral shedding leading to disease outside the 
gastrointestinal tract such as central nervous system (CNS), as seen occasionally with wild disease but not 
with vaccines; an excess of pneumonia cases over placebo was observed in one study but this has not been 
replicated elsewhere; the potential for autoimmunity is considered to be unlikely.

Immunogenicity measures are not clear correlates of protection, but faecal and serum IgA are reasonable 
surrogate markers.  Both vaccines give good immunogenicity responses, although, there is significant 
heterogeneity in study results. Both vaccines show good effectiveness in preventing rotavirus diarrhoea. 
Vaccine effectiveness varies between settings, with estimates around 44% to 51% in low-income settings, 76% 
to 86% in middle income setting and 80% to 86% in middle to high income settings.  A consistent finding 
is the decreased effectiveness for children from low and middle-income settings compared to high-income 
regions. Both vaccines are more effective against severe gastroenteritis than mild. 

Both vaccines appear to offer reasonable protection even in partially vaccinated infants. Co-infection with 
other viruses may be common, but good vaccine effectiveness is still observed. There is a possible decline 
in effectiveness in the second year of life, particularly in low income countries. There are no significant 
differences in vaccine effectiveness (VE) by genotype.
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For vulnerable groups the vaccine is expected to be effective in HIV-infected children, in malnourished children 
and probably effective in preterm infants. There are small, though probably not significant differences in 
immunogenicity and efficacy between breast fed and non-breast fed infants, and breast feeding may reduce 
slightly the efficacy in the second season.

Despite the potential for decreased efficacy for different strains not contained in the vaccines, both vaccines to 
date have provided good cross protection against the common circulating strains in Europe and the US. RV1 
may provide lesser protection against G2P [4] in Latin America, though this is not clear. Both vaccines appear 
to have similar efficacy against a wide range of strains in Asia and Africa. The VE for RV1 requires further 
monitoring.  

Early data in the US and Europe is showing good herd immunity effects.

The vaccines are orally delivered, and used in universal  infant programmes either as a two-course (RV1) or a 
three-course (RV5),  with recommended minimum age times of delivery and intervals to avoid the age range 
in which  intussusception is most likely to occur. There is no international experience or recommendations for 
the use of targeted programmes, or catch up schedules. NZ epidemiology data shows that Pacific children and 
children from more socioeconomically deprived backgrounds bear a greater burden of hospitalisation from 
rotavirus, and there may be potential for introducing the vaccine in regions with higher rates of deprivation, 
and with Pacific populations.  There is likely to be little gain from using approaches targeted just for high risk 
individuals as this would lose the gains from herd immunity.  

There is no data to support vaccinating older children, further data is awaited for the possible ‘off label’ use in 
vulnerable older age groups.

There are no concerns with concomitant use of RV vaccines with other standard national schedule vaccines. 
Longitudinal surveillance needs to continue to watch for possible strain serotype shifts with the introduction of 
RV vaccines.  Herd immunity effects add to the effectiveness of RV vaccines. 

Anaphylaxis to latex is a contraindication to the use of RV1 but not RV5.  Both vaccines are contraindicated 
in infants with severe combined immunodeficiency disease.  It is recommended not to vaccinate infants 
with a previous history of intussusception.  There is a potential risk of transmission to immunocompromised 
household members, so good hand hygiene is particularly important in these situations. 

There is no data on interchangeability of RV1 and RV5. A complete course with one vaccine is preferable, but if 
necessary, a series that contains both vaccines is preferable to an incomplete series. 

For a new vaccine introduction capacity issues for increased cold chain storage, new training and education 
for healthcare workers and social mobilisation need to be considered.

As of September 2011, rotavirus vaccine has been introduced into the national programmes of 28 countries, 16 
using RV1, eight using RV5, and four using both.  In all countries the schedule needs to be complete by 26 to 
32 weeks.  In the USA, RV vaccine is recommended at a minimum interval of four weeks between doses and a 
maximum age for the first dose of 14 weeks and 6 days and the last does by eight months. The UK introduced 
RV1 in July 2013 (1). 
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1. Background – Rotavirus vaccines
Rotaviruses are the leading cause of severe diarrhoeal illness in infants worldwide (2). Virtually every child will have 
been infected through infancy and early childhood. Rotavirus infections are more likely to be severe in children three 
to 24 months of age than in younger infants or older children and adults.  Improvements in water, sanitation and 
hygiene are unlikely to alter the incidence of the disease as faecally contaminated water or food is not thought to 
be the primary transmission route.  Spread is most likely to occur by person-to-person contact or through exposure 
to aerosolized respiratory droplets.  In temperate climates the disease has winter seasonality. Protection of young 
infants is probably mediated via passive transplacental maternal antibody transfer and breast-feeding also offers 
some protection against the disease (3). 

Rotaviruses infect most common species of domestic animals and many wild mammals and birds.  Human and 
animal rotaviruses share one set of antigens (group A) but they differ in their type-specific surface antigens. Animals 
are not thought to be a reservoir for human strains nor a source for direct transmission to humans. However, 
reassortant strains composed of genomic segments from both human and animal rotaviruses have been identified.  
Rotaviruses only replicate in mature villous epithelial cells in the mucosa of the small intestine. While antigen, RNA 
and live virus have been identified in blood during infection, the significance of this is unknown.  First infections 
offer protection against severe disease on reinfection. Rotavirus disease is not more severe in HIV-infected children, 
although viral shedding may be longer (4). 

The outer layer of rotavirus contains two distinct proteins: VP4 and VP7. Each bears type-specific antigenic 
determinants. The protein VP7 is encoded by gene segments 7, 8 or 9 in different rotavirus strains and VP4 by gene 
segment 4. The VP7 protein is glycosylated and serotypes determined by this protein are termed G types.  Of the 
14 G-types that have been identified, 12 of these are in humans.  Serotypes that form the VP4 protein are termed 
P types.  There have been 26 major P genotypes identified, 15 in humans.  Since there is extensive cross-reactivity 
among different P types, it is not possible to classify all P types. While more than 60 G-P combinations have been 
found in humans, there are only five strains P[8]G1; P[4]G2; P[8]G3; P[8]G4; and P[8]G9  that are associated with 80 - 
90% of all the childhood disease burden, globally. The most common types are listed in Table 1.

Table 1. Common Human Group A Rotavirus Serotypes in 2006 

VP4 Serotypes (P types) Associated VP7 types (G types)

P1A[8] G1, G3, G4, G9 and G12

P1B[4] G2

P2[6] G9 and G12

                                                Adapted from Plotkin 6th Edition (4)

Rotavirus is capable of substantial genetic diversity because of its segmented genome, which can undergo gene 
reassortment.  The ability of the virus to mutate and reassort allows the potential for new serotypes to emerge, and 
it is estimated that reassortment alone could lead to almost 200 different combinations (5). The relative importance 
of including all common human P and G types in a vaccine remains undetermined (4).  The distribution of different 
strains varies by region and over time.

RotaShield®, a tetravalent rhesus-based rotavirus vaccine, was the first rotavirus vaccine to be licensed and 
introduced into the US immunisation programme in 1998. It was withdrawn a year later when it was found to be 
associated with an increased risk of intussusception.  Following this the newer vaccines required very large Phase III 
trials in order to exclude an association with intussusception. RotaTeq® (RV5) and Rotarix® (TV1) underwent Phase 
III clinical trials in more than 70,000 and 60,000 infants, respectively, prior to US FDA approval.  RotaTeq® was 
licensed as part of the US immunisation schedule in 2006.  Rotarix® was licensed for use in the European Union and 
Latin America in 2006 and the US in October 2008.

The WHO recommends universal rotavirus vaccination programmes for all countries and numerous  cost-
effectiveness analyses have been conducted across a wide range of low and middle income countries which, despite 
varied data sources and assumptions, have all consistently shown that the introduction of the vaccine is expected 
to be cost effective (6).  Analyses have been undertaken in higher income countries with similar conclusions (7, 8). 
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Rotavirus vaccine has been recommended to be introduced on the NZ childhood schedule, but is currently only 
available on the private market (9). When compared to current medical practices, the cost of introducing rotavirus 
vaccine in NZ can be considered to be cost effective (10).  

This review evaluates the literature on vaccination against rotavirus published since the writing of the New Zealand 
(NZ) Immunisation 2011 Handbook from 2009 to 2012. During an edit of this review in 2014, reference updates were 
inserted where the data referenced had been published since 2013. A full review of data and vaccination schedules 
was not conducted.
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2. Methodology for review
2.1 Objectives
The objectives for this review have been informed by 
the general specifications for the 2012 NZ antigen 
review and the specific specifications for rotavirus 
vaccines. These are listed below. The dates for 
publication are between 2009 and 2012 as per the 
brief. This is not a systematic review or a critique of 
the literature. The choice of articles reviewed is based 
on the purposeful selection of recent reviews and 
studies that may best inform policy discussions around 
rotavirus vaccines for New Zealand.

•	General specifications.

•	Safety

•	Effectiveness

•	Implementation issues (practicality and possible 
impact on uptake).

•	The differences that need to be considered for 
each age group such as the variable severity of 
diseases and issues for vaccination.

•	Different options of placement on the schedule, 
based on international findings and best practice.

•	Different vaccine options and comparisons 
between the options.

•	Specific specifications for rotavirus.

•	Different vaccine options.

•	Implications offering the vaccine may have for 
herd immunity.

•	Different schedule options as described in the 
literature.

•	Examples of and considerations for targeted 
programmes, and placement of the programmes 
on the Schedule.

•	Evidence for administering the vaccine 
programme as a universal programme and 
evidence for administering it as a targeted 
programme.

•	Investigation of whether there should be a two or 
three dose schedule.

•	Duration of protection provided by vaccines.

2.2 Literature search strategy
The points below have formed the focus of the 
literature search.

1.	 Safety

2.	 Effectiveness in disease control. 

	 a.Indirect effects/herd immunity.

	 b.Duration of protection.

3.	 Implementation issues 

	 Different schedule options.

4.	 Differences that need to be considered for 
targeted programme.

	 a. Examples of and considerations for 		
	     targeted programmes.

	 b. Placement of programmes on the Schedule.

5.	 Different dosage options for placement on the 
schedule, based on international findings and best 
practice.

	 Two or three dose including dose intervals/		
	 timing. 

6.	 Different vaccine options. 

	 Current available.

7.	 Current international  research and evidence 
around use of vaccines.

	 Consider this point covered in 1-6.

Other areas of special interest

•	Consideration of the risk groups and whether the 
vaccine should be provided to them.

•	Investigation of the implications for herd immunity.

•	Investigation of suitable vaccines.

•	Duration of protection provided by vaccines.
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2.2.1 Medline search terms and strategy

MeSH term: Rotavirus Vaccines 

932

Limit to Humans, English, 2009 – current

409

NOT parent, physician, survey, qualitative

389

NOT Costs 

314

MeSH term: Adverse Effects

36

Safety as keyword

18 (keep and view)

MeSH term: Effectiveness

58 (keep and view)

2.2.2  Cochrane Library search terms and 
strategy

Search term Rotavirus Vaccin*

Limit to Cochrane Reviews, Other Reviews, Trials 
2009-present

1 result (keep and view)

2.2.3  Scopus search terms and strategy

Rotavirus AND Vaccin* Published 2011 – present

795

Limit to: Medicine, humans, vaccination, Rotavirus 
vaccine, priority journals, English

Exclude Letter, Note, editorial, short survey and 
erratum

476 

Reject social science articles. Veterinarian 

364 (keep and view)

Delete duplicates

Final Endnote Library 142 Articles 

2.2.4  Grey literature

8

2.2.5  Additional searches

Where questions arose additional searches were 
undertaken to ensure there was no further available 
data. Where articles were missing they were accessed 
and added to the library. A further 11 articles were 
accessed.

2.2.6  Final library 

The final library includes 153 references. Where 
systematic reviews and/or meta-analysis were 
available the preceding literature has been excluded 
from the review. 

Figure 1. Flow of selection of articles for review
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2.3 Participants/populations
The population for the universal programme are 
infants under six months of age. 

2.3.1 High risk groups cover identified in 
the literature cover

•	HIV infected infants

•	Other immunocompromised infants

•	Preterm infants

•	Malnourished

•	Breast feeding

2.4 Interventions
RotaTeq® (RV5) from Sanofi Pasteur is a pentavalent 
human-bovine reassortment containing G-types 1-4 
(VP7) and P-type 8 (VP4).  Four strains express human 
virus VP7 from serotypes G1, G2, G3, G4 and VP4 
(P7[5]) from bovine strain WC3. The fifth reassortant 
contains VP4 (P1A[8]) from a human strain and VP7 
(G6) from WC3. The reassortants were propagated in 
Vero cells. It is administered in a three-dose regimen, 
the first dose at six - 12 weeks of age and the last dose 
by 32 weeks of age. 

Rotarix® (RV1) from GlaxoSmithKline is a live 
attenuated human rotavirus strain P1A[8]G1. The 
strain originated from a single wild strain circulating 
in Cincinnati, USA. It is administered in a two-dose 
regimen, the first at six - 14 weeks and the second by 
10 - 24 weeks of age. 

The interventions included are:

•	RV1 in infants as  a primary series 

•	RV5 in infants as a primary series 

•	Phase IV safety and effectiveness studies

•	RV1 and RV5 in  special groups at higher risk for 
disease

•	Serotype analysis by region

•	Case studies

2.5 Study designs
The studies included in this update are meta-analysis, 
systematic reviews, reviews, randomised controlled 
trials, and observational studies using database 
matching. Conference abstracts have also been added. 
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3. Rotavirus epidemiology
The burden of rotavirus disease has been well 
established in many countries, including low and 
middle income and high income (7, 11).  While the 
predominance of death and severe illness is carried 
in the low income countries, it causes significant 
morbidity and healthcare burden in all countries, 
particularly in early childhood (9). 

3.1 Serotype distribution
Significant variability in circulating strains has been 
documented, geographically, annually and seasonally. 
Furthermore, within the same region, there can be 
multiple strains circulating at the same time. The most 
prevalent circulating strain in North America, Australia 
and Europe is G1, in approximately 70% of all the 
infections, but is less prevalent in South America, Asia 
and Africa where it is estimated to cover 20 – 30% 
of infections. More recently, G9 has emerged as an 
important strain, particularly in South America and 
Australia.  Other emerging serotypes include G5, G8 
and G12 strains (5).

3.2 Overview of NZ 
epidemiology
In NZ, almost 2500 children younger than three years 
of age are hospitalised annually with gastroenteritis, 
ranking it third among potentially avoidable paediatric 
admissions to hospital behind respiratory infections 
and asthma (12).  A survey was undertaken, between 
May 1998 and April 2000, in eight hospitals in NZ 
for all children younger than three years of age 
admitted with infectious diarrhoea; a total of 2019 
children were enrolled. Out of 1138 stool samples, 485 
(42.5%) tested rotavirus positive. Rotavirus positivity 
varied with age: 26.8% of infants zero – five months, 
42.5% of those six - 11 months, and 52.1% of those 
12 – 35 months. There is clear seasonality with 51.2% 
occurring in winter/spring versus 24.5% in summer/
autumn. The estimated national hospitalisation rate 
for rotavirus diarrhoea was 634/100 000 for children 
under three years in NZ (13).

Based on NZ data estimates of burden of disease, 
it is predicted that by the age of five years one in 
five children will have sought medical advice for 
rotavirus gastroenteritis, and one in 43 will have been 
hospitalised. Mortality is very rare (10).

Little is known about rotavirus strain diversity in 
the NZ setting. A study, undertaken between June 
2005 and May 2006, analysed 416 stool samples 
from children less than 5 years of age admitted to 
five major hospitals throughout major cities in NZ, 
or at community medical laboratories in two cities. 
This showed that G1 was the dominant circulating 
strain (55.8%), followed by G4 (21.4%), G3 (3.4%), 
G9 (3.4%), G2 (1.0%) and mixed infection (1.0%). For 
10% of samples containing the common G strains 
and all those containing unusual G types, P genotypes 
were determined. All of the samples tested contained 
P[8] bearing strains, except for G1P[4], G2P[4] and 
G8P[14] strains. There were significant differences 
between North and South Island samples: G1 was 
the most common strain in the North Island (81.9%), 
whereas G4 was the more common in the South Island 
(39.6%).  Hospital and community samples did not 
show significant differences.  The predominance of 
G1 is consistent with experience in North America, 
Europe and Australia, followed by the four other 
common global G-types, G2, 3, 4 and 9. Similarly the 
predominance of P[8] is consistent with other Western 
countries.  However, there were two less common 
strains identified: G6, a bovine strain which is rarely 
seen in humans and G8, also a bovine strain which is 
more commonly associated with regions in Africa.  The 
authors suggest the strong agricultural influenza in 
NZ may have an effect on interspecies transmission of 
Group A rotaviruses.  The authors commented that the 
variation in regional strains highlights the importance 
of multicentre surveillance, which will be necessary to 
monitor programme effectiveness, when the rotavirus 
vaccines are introduced to the national childhood 
immunization schedule in NZ (14)
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3.3 Summary NZ 
epidemiology
In NZ the third largest cause of potentially avoidable 
paediatric admissions to hospital is gastroenteritis, 
only preceded by respiratory infections and asthma.  
Based on limited NZ epidemiology data, over 40% of 
children less than three years of age who are admitted 
to hospital with diarrhoea, test positive for rotavirus. 
It is more common in children 12-35 months, followed 
by those six to 11 months and less common in infants 
under six months. There is clear seasonality, with 
over half of cases occurring in winter/spring. NZ data 
estimates of the burden of disease predict that by the 
age of five years one in five children will have sought 
medical advice for rotavirus gastroenteritis, and one in 
43 will have been hospitalised.  Mortality is very rare. 

The predominant NZ circulating strain is G1, followed 
by G4 which is similar to the European and US pattern. 
However NZ has significant regional differences 
and rarer strains have identified highlighting the 
importance of on-going surveillance
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4. Safety
4.1 Objective
The objective of this section is to review the most 
recent safety data for currently licensed rotavirus 
vaccines. The focus is on RV1 and RV5.  Only Adverse 
Events Following Immunisation (AEFI) considered to 
have been subsequent to the pivotal clinical efficacy 
trials will be reviewed here.

4.2 Outcomes
Outcomes are vaccine safety including AEFI and 
serious adverse events (SAE). 

4.3 Review

4.3.1  Cochrane review

A 2012 Cochrane review of vaccines for preventing 
rotavirus-related diarrhoea assessed 43 trials, 
which met the inclusion criteria and covered a total 
of 190, 551 enrolled participants (15).  Of these, 
31 trials assessed RV1 and 12 trials assessed RV5.  
Approximately half of the trials did not provide details 
of how adverse event data were collected.  Out of 
the trials that did report the method of collecting 
adverse event data, nine trials used passive methods 
e.g. diary cards, two used an active method (‘active 
surveillance system’) and five used both passive and 
active methods.

Four trials were specifically safety trials, and eight 
trials were efficacy and safety outcomes. Length of 
follow up was variable, up to a maximum of three 
years.

4.3.1.1  RV1

Serious adverse events were reported in 28 trials, 
and overall, fewer children allocated to RV1 had a 
serious adverse events compared with placebo (RR 
0.89 95% CI 0.84-0.94 in 95,178 participants).  Eleven 
trials reported the incidence of intussusception with 
27 cases reported in 53,887 children who received 
RV1 compared with 23 cases in 44,560 who received 
placebo.  Pooled results showed no increased risk for 
intussusception in those receiving the vaccine.  There 
were two trials which reported three cases of Kawasaki 
disease among 3429 children allocated to RV1 
compared to no cases in 1190 children in the placebo 
arm; this was not statistically significantly different (RR 

1.4, 95% CI 0.16 – 12.43).  Two trials reported SAEs 
requiring hospitalisation and found fewer events in the 
RV1 group than the placebo. 

The occurrence of fever, diarrhoea and vomiting was 
evaluated after each dose and at the end of the follow-
up period.  There were similar results for RV1 and 
placebo at each time point. There was no significant 
difference in the number of adverse events leading to 
discontinuation of the schedule between vaccine and 
placebo.

4.3.1.2 RV5

Pooled results showed no significant difference in the 
rate of serious adverse events following vaccination 
with RV5 compared with placebo in seven trials with 
77,480 participants. Six trials recorded the incidence 
of intussusception: 12 cases were reported in 38,641 
participants who received RV5 and 15 cases in 
37,439 placebo participants; there were no statistical 
differences in the number of cases between vaccinated 
cases and placebo.

No statistical differences were observed for fever, 
diarrhoea and vomiting between vaccine and placebo 
groups. There was no significant difference between 
vaccine and placebo in the number of adverse events 
leading to discontinuation of the schedule.

4.3.2  Recently published individual safety 
studies of RV1

A Korean post-licensure study, which compared 318 
healthy infants aged six -12 weeks who received RV1 
with 114 infants who received placebo, showed no 
difference in solicited and unsolicited adverse events 
(16).

In a randomised control trial (RCT), 756 infants aged 
six-14 weeks were randomised 2:1 to two-dose RV1 
vaccine or placebo across 20 centres in Japan. No 
differences in the solicited and unsolicited adverse 
events were seen between the two groups (17).  

4.3.3  Recently published individual safety 
studies of RV5

A prospective evaluation of the risk of intussusception 
and other pre-specified adverse events among RV5 
recipients was undertaken, based on the US Vaccine 
Safety Datalink data, for children from age four – 48 
weeks who received the vaccine between May 2006 
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and May 2008. Adverse events over the subsequent 
30 days were ascertained from inpatient, outpatient 
and emergency department files.  There were 207,621 
doses of RV5 administered to the study population, 
42% were the first dose. Five children had diagnosed 
intussusception. Based on historical rates 6.75 cases 
were expected giving a relative risk of 0.74. The 
authors concluded there was no elevation in risk 
identified for intussusception or any other adverse 
event (18). 

The European Rotavirus Efficacy and Safety Trial (RST) 
evaluated the safety of RV5 on 30,523 children in 
Europe. All infants were followed for SAE with active 
follow-up for 42 days after each dose.  Comparing 
results from 15,278 participants with 15,207 placebo 
recipients there was no statistically significant 
differences for any of the safety outcomes (19). In the 
Finnish subcohort, investigating adverse events post-
vaccination occurring within seven days of dose one, 
showed no significant difference between 1343 vaccine 
recipients and 1341 placebo recipients including 
diarrhoea, vomiting, irritability and high fever (19).

A double-blind, placebo-controlled, randomised clinical 
study in Bangladesh assessed the efficacy of RV5 in 
1136 healthy  infants in 2007 – 2009 given as part 
of an EPI schedule at six, 10 and 14 weeks of age.  
Of these infants, 1128 received a full course of three 
doses.  During the study period, 39 serious adverse 
events (SAE) were reported and six deaths. There 
were no significant differences between the placebo 
and vaccine groups.  The most common SAE was 
pneumonia. Follow-up was conducted at seven days, 
14 days and then monthly for 12 – 24 months (20). 

A Jamaican study was part of the international 
placebo-controlled RST. A total of 1804 Jamaican 
infants aged six – 12 weeks received at least one of 
three doses of RV5 vaccine with a placebo group of 
809.  Of the 1802 participants included in the safety 
analysis, intussusception was confirmed for one 
vaccine recipient 115 days after the third dose and 
three placebo recipients.  There was no difference in 
other serious adverse events between the groups (21).

A double-blind controlled trial in Taiwan, which 
randomised 189 infants 1:1 to receive RV5 vaccine 
or placebo, showed no difference in adverse events 
between vaccine and placebo recipients within 42 days 
of receipt of vaccine (22). 

4.3.4  Safety in population subgroups

Two studies, conducted in five countries from March 
2007 to March 2009, evaluated the safety of RV5 
in Africa and Asia.  In Kenya, 1308 participants, 
including HIV-infected and HIV-exposed, infants were 
randomised 1:1 RV5 to placebo.  SAE were followed 
for 14 days and in a smaller group of 297 participants 
for 42 days: there were 21 HIV-infected infants in 
the vaccine group and 17 in the placebo group. No 
individual SAE was more common among vaccine 
versus placebo recipients (23). 

A group of 100 HIV positive infants aged six-10 weeks 
were enrolled in a South African RCT with a 1: 1 
randomisation RV1 versus placebo.  All elicited and 
un-elicited symptoms monitored at day 15 and 31 
occurred at a similar frequency in both groups.  Of 
note was one infant who showed prolonged shedding 
beyond day 42 (24).

A European study evaluated using RV1 in 1009 
preterm infants who were randomised 2:1 vaccine to 
placebo, and vaccinated according to recommended 
chronologic age for full term.  Results showed that the 
frequency of serious adverse events was similar in both 
groups. Additionally, fever, diarrhoea and vomiting also 
occurred at a similar frequency in both groups (25). 

A retrospective study in Australia reviewed the effects 
of RV5 rotavirus vaccination on weight gain and 
gastrointestinal losses in nine infants with functional 
short gut syndrome secondary to an ileostomy. 
Although one infant developed severe stomal losses 
after vaccination, the vaccination did not alter weight 
gain, temperature or urinary sodium, overall (26).

4.3.5  Intussusception

Neither RV1 nor RV5 were associated with 
intussusception in the large pre-licensure trials. However, 
recent post-licensure data from international settings 
suggest the possibility of a low-level risk, primarily in the 
first week after the first vaccine dose (27). 

To understand the baseline rates of intussusception 
prior to the introduction of Rotavirus vaccine a 
Japanese retrospective cross-sectional study was 
undertaken reviewing medical charts of all hospitals 
in one prefecture in Japan between January 2001 and 
December 2010. Over this 10 year period, 122 children 
were diagnosed with intussusception, an incidence of 
158/100 000 person-years (28). 
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A cohort study, in infants aged four to 34 weeks 
enrolled in the US Vaccine Safety Datalink who 
received RV5 from May 2006 – February 2010, 
compared those who received RV5 concomitantly 
other recommended vaccines, with those who received 
the other vaccines alone. During the study period, at 
total of 786,725 doses of RV5 were given, including 
309,844 first doses. There was no statistically 
significant increase in risk of intussusception following 
any dose in either the one to seven day or one to 30 
day risk window (27). 

A serial cross-sectional analysis was conducted in 
the USA of hospital discharges for intussusception 
in children younger than one year of age, which 
evaluated changes since the reintroduction of 
rotavirus vaccine by comparing the four years prior 
to reintroduction with one year after. No detectable 
increase in the number of hospital discharges for 
intussusceptions amongst US infants was seen after 
reintroduction of rotavirus vaccination in 2008.  The 
measured rate of hospital discharge post introduction 
of vaccine in 2009 was 33.3 per 100,000 (95% CI 29-
37.6) and prior to introduction was 41.6 (95% CI 36.7-
46.5) to 36.5 (95% CI 31.7-41.2) per 100,000 infants 
form 1997 to 2006 (29).

A case control study was conducted in Mexico and 
Brazil, using active surveillance of infants age-
matched with controls in the same neighbourhood at 
69 hospitals (16 in Mexico and 53 in Brazil).  A total 
of 615 cases and 2050 controls were enrolled.  An 
increased risk of intussusception 1-7 days after the first 
dose of RV1 was identified among infants in Mexico 
using both a case series method (IR 5.3; 95% CI 3.0-
9.3) and case control (OR 5.8; 95% CI 2.6 – 13.0). No 
significant risk was found after the first dose in Brazil 
but a small increased risk was seen day 1-7 after the 
second dose, showing an increase by a factor of 1.9-
2.6.  This translated to a combined annual excess of 
96 cases and 5 deaths, however, the vaccine prevented 
approximately 80,000 hospitalisations and 1300 
deaths in these two countries (30).

In support of the findings in Mexico, Australian 
data has shown some evidence of an elevated 
risk following the first dose of both RV1 and RV5 
vaccines. Two active surveillance mechanisms using 
hospital-based case ascertainment and monthly 
reports from paediatricians in Australia identified 
intussusception cases between July 2007 – December 
2008 in four states, and linking to vaccination records. 
Overall, there was no evidence of an increased risk 
of intussusception following vaccination for either 
vaccine. However, in infants one to three months of 
age there was  evidence of excess intussusception 
cases at 1-7 days (RV5 RR 5.3, 95% CI 1.1-15.4; RV1 
RR 3.5, 95% CI 0.7-10.1) and one-21 days following 
dose one  (RV5 RR 3.5, 95% CI 1.3-7.6; RV1 1.5, 
95% CI 0.4-3.9). There was no evidence that clinical 
outcomes of intussusception occurring within 21 days 
of rotavirus vaccination differed from that in cases 
occurring late post-vaccination (31).

An analysis of the health benefits versus 
intussusception risk was undertaken for the 14 
Latin American countries currently using rotavirus 
vaccines.  The study used the post-licensure evaluation 
rates of a short term 4-6 fold elevated relative risk 
of intussusception in 1-7 days after dose one based 
on the Mexican experiences with RV1 and Australian 
experiences with RV1 and RV5, baseline estimates 
of intussusception rates from pooled global analysis 
and a range of conservative estimates.  The study 
concluded that the vaccine would annually prevent 
144,746 hospitalisations (90% CI 128,821-156,707) 
and 4124 deaths (90% CI 3740-4239), but could cause 
an additional 172 hospitalisations (90% CI 126-293) 
and 10 deaths (90% CI 6-17) (32).

Even when an age restriction is not imposed, the lives 
saved benefits were substantially greater than the risk, 
particularly in settings with high rotavirus mortality 
and delays in vaccination (32).

An expert review article summarising the data on 
intussusception post vaccination concluded that there 
is a low, albeit significant, temporal clustering of 
cases within one week post vaccination compared to 
controls. The studies do not allow the conclusion that 
intussusception will actually increase with vaccination, 
because they have not allowed for the possibility of a 
reduction of cases in vaccinated children later in life 
(33).
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4.3.6  Porcine circovirus (PCV) 
contamination

In March 2010, the US Food and Drug Administration 
(FDA) temporarily suspended the use of RV1 after the 
presence of an extraneous porcine circovirus (PCV) was 
identified in commercial vaccine lots (34).  Fragments 
of the genome of PCV were also later identified in 
RV5.  The FDA later resumed the use of RV1 and 
continued to recommend both vaccines based on three 
considerations (4):

•	Both vaccines  have strong safety records, including 
clinical trials involving tens of thousands of patients 
as well as clinical post-licensure experience with 
millions of vaccine recipients.

•	There is no evidence that PCV poses a safety risk in 
humans and they are not known to cause infection 
or illness in humans.

•	The benefits of the vaccines are substantial. 

There was no PCV virus or viral proteins detected in 
these vaccines. The contamination was restricted to 
viral nucleic acids. The technology (deep sequencing) 
used to detect these residual nucleic acids have been 
applied to a number of vaccines including MMR. 
The approach allows all nucleic acid material in the 
vaccine to be detected and sequenced as opposed 
to using specific probes against known genomic 
sequences of interest. 

4.3.7  Other potential safety issues

 An overview of other potential safety issues was 
covered by Bines et al. in 2009 (35) and summarised 
below:  

Wild type rotavirus infection is not confined to the 
gut of infected patients; rotavirus has also been 
identified in the central nervous system, lymph 
nodes, liver, lung and myocardium. Infectious 
particles and non-infectious antigens have been 
identified in large proportion of serum samples from 
children hospitalised with severe gastroenteritis. 
The transmission of rotavirus infection via serum 
has been demonstrated in piglets. The ability of a 
rotavirus to cause viraemia may vary with specific 
strain of the rotavirus.  To date, no data on viraemia 
after vaccination have been reported.  CNS infection 
including seizures, meningitis and encephalitis have 
been rarely reported following wild type rotavirus 
infection and are likely to be associated with high 
rates of viral shedding or specific serotypes such as 
G1. To date there have been no reports of CNS disease 
associated with rotavirus vaccines.

In a phase III trial of the RV1, an excess of pneumonia-
related deaths were observed in vaccine recipients (16 
versus 6 who received placebo).  This has not been 
consistent across studies and there was no significant 
difference in other potential pneumonia-related 
outcomes. 

There have been a small number of reports of 
Kawasaki disease following vaccination with RV5 in the 
US, but a causal relationship has not been established.

Rotavirus contains peptide sequences similar to T cell 
epitopes in human islet autoantigens, hence there 
have been concerns that acute rotavirus infection 
may trigger or exacerbate islet cell autoimmunity, 
leading to the development of diabetes in genetically 
susceptible children. However, it is considered more 
likely that the development of type 1 diabetes is the 
result of a complex series of environmental and genetic 
factors.

The risk of coeliac disease is reported to be higher in 
children with a history of repeated rotavirus infection 
in infancy and early childhood. To date, post-marketing 
surveillance has not confirmed this with vaccines. 

4.3.7.1  Shedding

Specific characteristics of each vaccine strain 
determine the potential to infect intestinal cells and 
shed the vaccine virus in the stool.  The RV1 vaccine 
replicates well within the intestine and live virus can 
be detected in more than 25% of patients after only 
one dose.  RV5 does not replicate so well and is shed 
infrequently; as a result higher aggregate vaccine 
titres are required to achieve protection.  US data 
reports shedding of rotavirus vaccine virus observed 
within two weeks of vaccination in approximate 9% 
- 21% of infants post RV5 vaccine and 35 - 80% of 
infants post RV1 vaccine (36). 

Shedding does not appear to be a concern for 
immunocompetent individuals. However, since both of 
these vaccines contain live attenuated rotavirus, the 
safety for immunocompromised patients or contacts 
of immunocompromised people is an important 
consideration. To date, there is no clinical data to 
confirm the safety of these vaccines for patients with 
immunodeficiency.  

Available evidence does not indicate that wild-type 
rotavirus infection is more severe in HIV infected 
infants than in non- infected suggesting that the risk 
from attenuated vaccine virus may be small or not at 
all (35).
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4.3.7.2  Reassortant potential

Reassortants have been observed at low frequencies 
in several vaccinated populations with RV5 (36, 37).  
A case study of three patients in the US describes a 
vaccine-derived new G1P[8] human bovine double 
reassortant rotavirus, which represented 3.8% of the 
79 rotavirus-positive cases of acute gastroenteritis 
detected during a two year period.  The true rate 
of symptomatic or asymptomatic shedding due to 
vaccine-derived double reassortant may be higher 
as mild cases associated with vaccination and 
asymptomatic shedding would not be detected in 
hospital base surveys (38). 

 Of note, no reassortants have been detected among 
any healthy control subjects. Evidence regarding 
RV1 strain is more limited, but some transmission 
to unvaccinated subjects may occur (36).  Human to 
human transmission of a reassortant appears possible 
and may cause gastroenteritis symptoms, although 
causality is not clear in the published reports to date 
(36). 

4.4 Summary vaccine safety
The individual studies and pooled data from all studies 
have not raised any significant safety concerns for 
either vaccine.  There appears to be no increased risk 
for fever, diarrhoea or vomiting.  There have been three 
case reports of Kawasaki disease post vaccination. 

Children with HIV do not appear to have any extra 
safety risks, with the possible exception of prolonged 
shedding. There are no extra safety concerns 
for preterm infants. There is a case report of an 
infant with functional short gut having diarrhoea 
in the stoma post vaccination. No increased risk 
of intussusception was identified in the US safety 
surveillance data. In contrast, studies in Brazil, Mexico 
and Australia have identified significant  temporal 
clustering , particularly in day 1 - 7 post the first dose 
for both  RV1 and RV5 vaccines, with an increased risk 
in the order of 1.9 - 2.6 times in this window period. 
It is unclear if this translates to an overall increase in 
number of total cases.

Contamination by pieces of PCV genome found in 
both vaccines is not considered to pose any safety 
problems.

Other potential vaccine safety issues include: 

•	Higher rates of viral shedding leading to disease 
outside the gastrointestinal tract such as CNS, seen 
occasionally with wild disease but not with vaccines.

•	An excess of pneumonia cases over placebo was 
seen in one study, not replicated elsewhere.

•	A small number of cases of Kawasaki disease noted 
after receipt of RV5.

•	The potential for autoimmunity is considered to be 
unlikely.

•	The possibility of coeliac disease, also not shown to 
date.

Prolonged shedding is possible, particularly for RV1 
and more likely in immunocompromised patients, 
which is then more likely to be transmitted to those 
who are unvaccinated. Although no safety concerns 
have been highlighted to date, further monitoring is 
necessary.

Occasional new vaccine virus reassortants have been 
observed, which may cause gastroenteritis symptoms, 
although the importance of these is not yet clear. 
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5. Immunogenicity, efficacy, 
effectiveness and vaccine impact
5.1 Objective
The objective of this section is to review the 
most recent effectiveness data for the current 
internationally licensed rotavirus vaccines, RV1 
and RV5.  Considerations will be given to relevant 
immunogenicity data, efficacy and effectiveness 
studies that contribute to the current understanding of 
the effectiveness of rotavirus vaccines and evidence for 
the non-inferiority of alternative schedules.

5.2 Outcomes
The outcomes considered for this review include:

•	Hospitalisation for all cause gastroenteritis.

•	All medically-attended diarrhoea visits.

•	Hospitalisation for rotavirus gastroenteritis: severe 
cases, and all cases.

•	Rotavirus requiring medical visits.

•	Immunogenicity measures: anti-rotavirus IgA.

5.3 Review
Review articles summarising developed and developing 
country data estimate the efficacy of both current 
rotavirus vaccines against rotavirus associated 
diarrhoea to be between 70-100% in some countries 
in Europe and Latin America, and close to 70% in 
developing countries in Africa and Asia  (15, 39).  
Efficacy is recognised as generally being lower in 
low-income countries due to greater serotype diversity 
(40).  Ecological studies in eight countries to date 
have shown a decline in protection within two years 
of vaccine introduction, ranging from 49% - 89% in 
hospital admission for laboratory-confirmed rotavirus 
(41).  Vaccination effectiveness varies in settings with 
estimates around 44 - 51% in low-income settings, 
76- 86%  in middle income settings and 80 – 86% in 
middle to high income settings (41, 42).  A consistent 
finding is decreased effectiveness among children from 
low and middle-income settings compared with the 
sustained protection seen in children in their first two 
to three years of life in high-income regions (41).

5.3.1  Immunogenicity

The immunological mechanism by which protection 
against disease occurs is still unknown, and this has 
made it difficult to understand the mechanism of 
protection in clinical trials. Most studies on immune 
responses have suggested that the presence of faecal 
IgA or serum antibodies serve as a good surrogate 
marker for protection, however, animal studies also 
point to the importance of CD4 and CD8 T cells (43).

The 2012 Cochrane review of vaccines for preventing 
rotavirus-related diarrhoea assessed 43 trials, which 
met the inclusion criteria and covered a total of 
190, 551 enrolled participants (15). Of these, 31 
trials assessed RV1 and 12 trials assessed RV5. This 
included 18 efficacy trials with RV1 and seven efficacy 
trials with RV5.  Immunogenicity was measured by 
seroconversion following the third dose in seven 
trials, but data could not be pooled due to significant 
heterogeneity. For RV5, the vaccine schedules were all 
of three doses with intervals between doses of four and 
10 weeks. RV1 was given as two doses in all except 
four trials.

RV1 was shown to be more immunogenic than placebo 
when immunogenicity was measured by vaccine virus 
shedding at the end of follow-up (RR = 10.34, 95% CI 
4.76-22.44 in 2720 participants in 16 trials), however, 
the results were significantly heterogeneous. The 
immunogenicity of RV1 was greater than placebo as 
measured by seroconversion at all time-points. As seen 
previously with virus shedding, the pooled data were 
significantly heterogeneous after dose one and two. 

5.3.1.1  Cochrane review of RV1

Both vaccines prevent over 80% of rotavirus diarrhoea 
cases that require hospitalisation. The authors 
conclude that both vaccines are effective in preventing 
rotavirus diarrhoea; however, the potential for reduced 
vaccine efficacy in low-income countries needs to be 
investigated (15).

In infants under one year of age, RV1 prevented 70% of 
all cases of rotavirus diarrhoea compared to placebo 
in seven trials of moderate-quality evidence with 12,130 
participants (RR 0.30, 95% CI 0.18 – 0.5), and 80% 
cases of severe rotavirus diarrhoea in seven trials of 
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moderate-quality evidence with 35,005 participants 
(RR 0.20, 95% CI 0.11 to 0.35).  RV1 may reduce 
severe cases of all-cause diarrhoea by 42%, based 
on two multi-centred trials from South Africa, Malawi 
and Europe (RR 0.58, 95% CI 0.40 – 0.84, low quality 
evidence with 8291 participants).

In children during the second year of life, RV1 
prevented 70% of all cases of rotavirus diarrhoea of 
any severity compared to placebo (RR 0.30, 95% CI 
0.21- 0.43 in six trials of moderate quality evidence 
covering 8041 participants) and 84% of cases of 
severe rotavirus diarrhoea (RR 0.16, 95% CI 0.12 – 
0.21 in eight trials of moderate quality with 32,854 
participants). RV1 appeared to reduce all-cause 
diarrhoea cases by 51% (RR 0.49, 95% CI 0.4 – 0.6 in 
two trials of moderate quality with 6269 participants).

5.3.1.2  Cochrane review of RV5

In infants aged less than one year, RV5 prevented 73% 
of all rotavirus diarrhoea cases (RR 0.27, 95% CI 0.22- 
0.33 in four trials of high-quality evidence on 7614 
participants) and 77% of cases of severe rotavirus 
diarrhoea (RR 0.23, 95% CI 0.08 to 0.71 in three 
trials of high-quality evidence with 6953 participants).  
Based on data from one trial from Finland, RV5 may 
reduce severe cases by 72% (RR 0.28, 95% CI 0.16-
0.48 low quality evidence with 1029 participants).

During the second year of life, RV5 prevented 49% 
of all rotavirus diarrhoea cases of any severity (RR 
0.51, 95% CI 0.36-0.72 in four trials of high quality 
with 9784 participants) and 56% of cases of severe 
rotavirus diarrhoea (RR 0.44, 95% CI 0.22- 0.88 in 4 
trials of high quality evidence with 9783 participants). 
For all cause diarrhoea RV5 showed no difference with 
placebo (3 trials, 8533 participants) (15).

5.3.2  Recently published individual studies 
of RV1

A Korean post-licensure study, which compared 318 
healthy infants aged six -12 weeks who received RV1 
with 114 infants who received placebo, showed the 
anti-RV IgA seroconversion rates following one month 
post dose 2 were 88% (95% CI 84-91.4) with geometric 
mean titres (GMT)s of 208 U/ml (95% CI 174.2 – 
249.5) (16).

In a randomised control trial (RCT), 756 infants 
aged six-14 weeks were randomised 2:1 to two-dose 
RV1 vaccine or placebo across 20 centres in Japan. 
The study showed vaccine efficacy, against any and 
severe rotavirus gastroenteritis leading to medical 
intervention until two years of age, was 79.3% (95% 

CI 60.5-89.8%) and 91.6% (95% CI 62.4-99.1%), 
respectively (17).  

A phase III RCT in South Africa and Malawi enrolled 
4939 infants who were vaccinated with RV1 and 4417 
placebo controls. Vaccine efficacy (VE) against severe 
rotavirus gastroenteritis caused by G1, G12 and G8 
types were 64.1% (95% CI 29.9-82%), 51.5% (95% 
CI -6.5 – 77.9%) and 64.4% (95% CI 17.1-85.2%), 
respectively.  Against the predominant circulating 
P type genotype P[8],  VE was 59.1% (95% CI 32.8-
75.3%). The authors concluded that this vaccine 
demonstrated efficacy against severe gastroenteritis 
caused by diverse circulating rotavirus types. This 
supports evidence that RV1 provides heterotypic 
protection (44). 

A retrospective case-control analysis reviewed the 
medical records of indigenous children under five years 
of age who were hospitalised for acute gastroenteritis 
during an extensive outbreak caused by G9 rotavirus 
in Australia Northern Territories. Each case was 
matched up to four matched controls from the risk-set 
population. The analysis showed a VE following two-
doses of RV1 of 84.5% (95% CI 23-97%) (45). A further 
study was undertaken during an outbreak of G2P[4] 
rotavirus infection in Central Australia in a remote 
population where 60% of the children were indigenous. 
A case-control analysis of children hospitalised for 
acute gastroenteritis up to 36 months of age matched 
by date of birth and indigenous status with four 
children in the risk set population showed no evidence 
of protection against hospitalisation for G2P[4] 
rotavirus following two-dose RV1 vaccination  (95% CI 
-105 – 68). Although protection was observed against 
rotavirus-associated severe acidosis, for vaccinated 
children less than one year of age (OR 0.15; 95% CI 
0.03-0.84), it was not for children aged 12 -35 months 
(46). 

Refer to the studies in section 5.3.3 undertaken in 
Navarre, Spain and in Belgium. 

5.3.3  Recently published individual studies 
of RV5

The European Rotavirus Efficacy and Safety Trial 
(RST) evaluated the safety of RV5 in 30, 523 children 
in Europe.  All healthcare utilisation and rotavirus 
gastroenteritis was evaluated in a clinical efficacy 
cohort of 2686 children in Finland.  RV5 was 98.3% 
and 68% efficacious against severe rotavirus 
gastroenteritis (95% CI 90.2-100) and all rotavirus 
gastroenteritis (95% CI 60.3-74.4), respectively, 
due to any serotype for two rotavirus seasons post-
vaccination (19).
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Rotavirus vaccine was introduced in Spain in 2006.  A 
case-control test-negative study in Spain of children 
aged three-59 months demonstrated that effectiveness 
against rotavirus disease was 78% in preventing 
gastroenteritis (95% CI 68-85%) and 83% in 
preventing hospitalisation (95% CI 65-93%), when RV5 
and RV1 vaccines were used (47). A prospective case-
control study in Belgium of 215 children admitted to 
hospital with rotavirus gastroenteritis showed vaccine 
effectiveness for either RV1 or RV5 to be 85% against 
P[4]G2 (95% CI 64-94%) and 95% against P[8]G1 
(95% CI 78 -99%).  Interestingly, in 25% of cases co-
infection with adenovirus astrovirus and/or norovirus 
was reported. Vaccine effectiveness against co-infected 
cases was 86% (95% CI 52-96%).  Effectiveness of at 
least one dose of any rotavirus vaccine was 91% (95% 
CI 82-95%) (48).

 A US-based RCT, involving Navajo and White 
Mountain Apache infants, enrolled 509 infants who 
were vaccinated with three-doses of RV5 and 494 
controls who received placebo.  The vaccine was 77.1% 
effective against G1-G4 rotavirus disease (95% CI 59-7 
– 87.6), 89.5% effective against severe and moderate 
rotavirus disease combined (95% CI 65.9-97.9) and 
82.9% effective against outpatient visits for rotavirus 
disease (95% CI 61.1-93.6) (49). 

Following the introduction of RV5 in 2007 in Puerto 
Rico, a study showed that rotavirus accounted for 22% 
of acute gastroenteritis prevaccination and only 8.5% 
post-vaccination during 2007-2009. A reduction of 
68% in acute rotavirus gastroenteritis hospitalisations 
was seen after vaccination (50). 

A double-blind clinical study evaluated the efficacy of 
RV5in Bangladesh in 1136 healthy infants vaccinated 
in 2007 – 2009 as part of the Expanded Programme 
on Immunisation (EPI) schedule. Infants were 
randomised 1:1 to receive RV5 or placebo at six, 10 
and 14 weeks of age alongside the routine schedule.  
Of these infants, 1128 received a full course of three 
doses.  Efficacy against hospitalised (severe rotavirus 
gastroenteritis was 42.7% for the study period which 
was 12 – 24 months for each participant.  Serum 
anti-rotavirus IgA was 78.1% in a subset of 150 infants 
from whom blood samples were obtained pre and post 
vaccination (20).

A double-blind randomised controlled trial in Taiwan 
enrolled 189 infants and showed at least a three-fold 
rise in serum anti-RV IgA among 93% of infants (22). 

In a Jamaican study, part of an international placebo-
controlled Rotavirus Efficacy and Safety Trial, a total of 
1804 infants aged six – 12 weeks received at least one 
of three doses of RV5 vaccine and 890 infants received 
placebo.   During the first year, there was a rate 
reduction of 82.2% in infants hospitalised for rotavirus 
gastroenteritis (95% CI 15.15 – 98%) (21).

A case-control study compared 1016 children 
hospitalised with laboratory-confirmed rotavirus 
diarrhoea in five hospitals in Nicaragua with 4930 
controls with non-rotavirus diarrhoea (test-negative 
controls).  The study found that vaccination with RV5 
vaccine was associated with a significantly lower 
rotavirus hospitalisation (OR 0.55, 95% CI 0.41-0.74).  
However of note, the risk of hospitalisation was two-
fold lower among vaccinated children less than one 
year of age compared with those over one year (51). 

As a higher risk population with a heavier burden of 
disease than the rest of the US population, concerns 
had been expressed that rotavirus vaccines may not 
work as well in Native American Indian populations 
in routine usage. RV5 was introduced in 2006 via 
the Indian Health Service to all American Indian 
and Alaska Native infants. A survey of diarrhoea-
associated hospitalisation and outpatient visits, for all 
children under five years of age from 2001 to 2010, 
showed significant declines in illness. Observed rates 
of diarrhoea-associated hospitalisations were reduced 
by 24%, 37% and 44% from 2008, 2009 and 2010, 
respectively, compared with the pre-vaccine era across 
all populations (52). 

In contrast to the studies above, a US retrospective 
cohort study of children, from February 2006 – 2008 
across two rotavirus seasons, showed a significant 
reduction in outpatient acute gastroenteritis calls 
and episodes among immunised children for the 
2007 season, but no difference detected between 
RV-immunised and non-immunised children for any 
outcome in the 2008 season. The authors postulate 
that these results, which contradicted their earlier 
findings, may be due to indirect protection through 
herd immunity leading to their inability to detect a 
difference between immunised and unimmunised. They 
also acknowledged multiple limitations in the case 
design (53). 
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5.3.4  Surveillance data 

Data was presented at the Advisory Committee on 
Immunisation Practices (ACIP) meeting in October 
2012 from the New Vaccine Surveillance Network 
(NVSN) in the USA (1).  This network undertook 
active surveillance of children under five years of age 
hospitalised or visiting emergency departments with 
acute gastroenteritis from November to June in 2009 – 
2011 in nine large hospitals.  This showed a continued 
steep decline in rotavirus-related hospitalisations and 
emergency department visits. Case-control logistic 
regression models were undertaken using confirmed 
vaccination records and rotavirus–negative controls. 
Table 2 summarises the post-licensure data as of early 
2013.

5.3.4.1  NVSN Results

 The point estimate Vaccine Effectiveness (VE) (1):

•	For RV1 70% (95% CI 40-88%)  

•	For RV5 84 %( 95% CI 79-88%)

By rotavirus genotype, the VE of RV5 was 89% for 
G1P[8] (95% CI 40 – 99%), 87% for G2P[4] (95% CI 78-
795%), 87% for G3P[8] (95% CI 80-91%).  For RV1, VE 
for G3P[8] was 74% (95% CI 40-90%) and for G12P[8] 
was 83% (95% CI 58-95%). 

By age:

•	VE for RV1 was 56% for up to one year of age (with 
very wide confidence intervals) and 86% for two 
years.

•	VE for RV5 was 85% for up to one year of age, 89% 
for two years, 83% for three years and 79% for four 
years. 

5.3.4.2  EIP Results

In the US, an Emerging Infections Program (EIP) was 
conducted in five hospitals in Georgia and Connecticut. 
Children who were age-eligible to have received 
vaccine and were hospitalised or visiting the ED with 
diarrhoea were enrolled through active surveillance 
from January – June 2010 and 2011.  A case control 
regression analysis was conducted (54)

The point estimate:

•	Ror RV1 was 91% for children ≥ 8 months (95% CI 
75-94%)

•	For RV5 was  92% for children ≥ 8 months (95% CI 
75-95%)

By genotype, the VE of RV1 was 94% G2P[4] (95% CI 
74% – 94%), for G1P[8] VE was 89% (95% CI 70%-
96%). For RV5, has a VE against 95% and 98% against 
G2P[4] and G1P[8] (95% CI 74% - 94%; 74 – 100%), 
respectively. 

Table 2. Post-licensure VE for RV1 and RV5

Study RV1 
(Rotarix®): 

2 dose
VE (95% CI)

RV5 
(RotaTeq®) : 

3 dose 
VE (95% CI)

Boom JA  et al. 
2010 (55)

89% (70-96)

Staat MA et al. 
2011 (56)

87% (71-94)

Cortese MM et al. 
2011 (57)

89% (81-94)

NVSM  Payne DC et al. 
2013 (58)

70% (39-86) 84% (78-88)

EIP Cortese MM et al. 
2013  (54)

91% (75-94) 92% (75-95)

Castilla J et al. Spain 
2012 (47)

75% (60-85) 81% (68-89)

The conclusions from this meeting were:

•	High effectiveness is observed for both rotavirus 
vaccines. 

•	 The VE for RV1 requires further monitoring. 
Although this data points to an overall lower VE for 
RV1, this data is not sufficient to be able to state 
that the VE for RV1 is lower than for RV5. 

•	There is no evidence of waning immunity, at the 
limits of the observed study power; for the duration 
of these studies, the data does not show signs of 
waning immunity, for either vaccine. 

•	There are no significant differences in VE by 
genotype.

5.3.5  Effectiveness of partial vaccination

Summary data, from studies conducted in a range 
of countries in infants who had not completed a full 
course of three doses of RV5 or two doses of RV1, 
showed that partial vaccination with either RV1 or RV5 
vaccines  provided protection ranging from 51-55% in 
low and middle income countries, and from 69-93% in 
high-income countries (41).
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5.3.6  Duration of effectiveness

Duration of protection offered by these vaccines 
is difficult to measure due to the impact of herd 
immunity which follows implementation. The issue of 
serotype replacement is likely to have the greatest 
influence on decisions around vaccine and scheduling 
options.

A Brazilian case-controlled study evaluating the 
efficacy of the  RV1 vaccine, enrolled 70 infants aged 
six months or older hospitalised for confirmed G2P[4] 
rotavirus who were compared with control groups 
of 484 children hospitalised with rotavirus-negative 
acute gastroenteritis and 416 children with acute 
respiratory illnesses.  VE against rotavirus disease 
requiring hospitalisation surpassed 80% using either 
control, but effectiveness decreased for children 
≥ 12 months reaching non-significant levels using 
both groups of controls.  This apparent decrease in 
vaccine effectiveness with increasing age, although 
not conclusive in this study owing to low numbers of 
cases, raises the possibility of waning immunity (59).  
In contrast, a larger matched case-control study in 
Brazil found that vaccine effectiveness with two doses 
of RV1 remained high after 12 months of age. The 
study enrolled 538 children 12 weeks of age or older 
hospitalised with acute rotavirus gastroenteritis and 
matched with a neighbourhood control and a control 
hospitalised without acute gastroenteritis (60). 

Data from developing countries indicate a decrease 
in protection after the first year of life.  For example, a 
study in El Salvador vaccine effectiveness decreased 
from 82% during infancy to 59% among children over 
a year of age (61). However, despite this, the effect on 
the reduced protection on the total burden of disease 
was minimal (62). 

In the US, alterations in the rotavirus season have 
been seen following the introduction of rotavirus 
vaccines with the onset of the season delayed by two 
to four  months and duration shortened from 26 weeks 
to 14 weeks (63).

5.3.7  Vulnerable groups 

5.3.7.1  Preterm

The 2012  Cochrane review reported on one study 
that analysed data separately for 170 preterm infants 
which showed that RV5 was marginally better than 
placebo at one year follow-up in preventing rotavirus 
diarrhoea (RR 0.39, 95% CI  0.15-1.06) (15). 

A European study with 1009 preterm infants 
randomised 2:1 vaccine to placebo  and vaccinated 
according to recommended chronologic age for full 
term showed good  immunogenicity responses with 
anti-rotavirus IgA seroconversion 86% following the 
second dose (64). 

5.3.7.2  Malnourished

The 2012 Cochrane review reported data on 
malnourished children and showed RV1 was 
significantly better than placebo in preventing 
rotavirus diarrhoea for this group at one year follow up 
in 287 participants (RR 0.39, 95% CI 0.19-0.79) (15).

5.3.7.3  Children infected with HIV

A cohort of 100 HIV-positive infants aged six-10 weeks 
were equally randomised to receive RV1 or placebo in 
a South African RCT.  Satisfactory immune responses 
were mounted with seroconversion rates at 57% in 
the RV1 group versus 18.2% in the placebo group two 
months after dose two (24).

5.3.7.4  Other groups

Expert opinion recommends that rotavirus vaccine is to 
be given to children with chronic kidney disease, except 
for those on immunosuppressive treatment, although 
there is currently no data available on the response to 
this vaccine in these children (65).

5.3.7.5  Breast Feeding 

A Finnish RCT study followed 3994 healthy infants 
aged six to14 weeks who received two doses of RV1 or 
placebo over two seasons.  When comparing breast-
fed infants to exclusively formula-fed infants, the IgA 
seroconversion rates were  85.5% in the breast-fed 
(95% CI 82.4-88.3) and 89.2% in formula-fed infants 
(95% CI 84.2 – 93). Geometric mean titres (GMT) 
tended to be lower in breast-fed infants at 185.8 U/
ml (95% CI 161.4-213.0) and 231.5 U/ml (95% CI 
185.9-288.2) in formula fed. Efficacy was equal in 
both groups in the first season, but fell in breast-fed 
infants in the second rotavirus season.  Combined 
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two year efficacy from any rotavirus gastroenteritis 
was 76.2% for breast-fed (95% CI 68.7082.1) and 
89.8% for formula fed (95% CI 77.6-95.9), and 
against severe rotavirus gastroenteritis 88.4% (95% 
CI 81.6-93) and 98.15 (95% CI 88.2-100) in breast 
fed and exclusively formula fed infants, respectively. 
The authors concluded there were small differences in 
immunogenicity. However, vaccine efficacy was equal 
in both groups, although, breast feeding seemed to 
reduce slightly the efficacy in the second season (53).  

Summary commentary, including earlier data from the 
pre-licensure studies, concludes that the efficacy of the 
vaccine is similar for breast fed and non-breast fed 
infants (4).

5.3.8  Cross-protection

RV vaccines need to provide cross-protection against 
multiple serotypes because circulating strains vary 
considerably and multiple strains can circulate 
simultaneously. RV1 does not directly cover G2P[4] 
strains. Although RV5 contains G and P antigens 
for all common strains, serotype-specific immune 
response vary by strain, with the lowest response 
against G3P[8]. A 2012 summary article concluded 
that, despite the potential for decreased efficacy, both 
vaccines to date have provided good cross protection 
against the common circulating strains in trials in 
Europe and the US. RV1 appears to provide less 
protection against G2P[4] in Latin America, although, 
at the time of the study the strain was not circulating 
so the study was underpowered.  In contrast, in six 
European countries RV1 provided effective protection 
(85%) against severe rotavirus gastroenteritis from 
G2P[4]. In recent publications, both vaccines appear 
to have similar efficacy against a wide range of 
strains circulating in Asia and Africa, during the study 
periods. In both Brazil and Australia, RV1 appears to 
show good effectiveness against G2P[4]. In the US, 
RV5 was shown to have high effectiveness against 
severe disease caused by G3P[8]; and in a case control 
study in Mexico RV1 effectiveness was 94%, after the 
emergence of a novel G9P[4] strain (5)

5.3.9  Herd immunity

Rotavirus vaccine was introduced in the US in 2006. 
Data following the introduction of these vaccines 
showed marked reductions in rotavirus infections 
in both vaccinated and non-vaccinated individuals 
in all age groups. It was estimated that 15% of the 
total 66,000 averted hospitalisations and 20% of 
the US$204 million in averted direct medical costs 
attributable to the vaccination programme were 
among the unvaccinated five-24 year olds reflecting 
herd immunity effects (66). Epidemiological data 
from Austria, which was the first European country 
to implement universal vaccination with rotavirus 
vaccine, showed that decreasing hospitalisation rates 
from rotavirus gastroenteritis was observed in children 
in all age groups, including in those age groups not 
vaccinated (67). Vaccine viruses are shed in the stool 
following vaccination and may be transmitted from 
vaccinated to unvaccinated children, one possible 
mechanism to herd immunity.  This is likely to be more 
common with the RV1 vaccine than with the RV5 and 
occurs primarily after the first dose (68).
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5.4 Summary of effectiveness 
Immunogenicity measures are not clear correlates 
of protection, but faecal and serum IgA are 
reasonable surrogate markers.  Both vaccines give 
good immunogenicity responses, although there is 
significant heterogeneity in study results. Both vaccines 
show good effectiveness in preventing rotavirus 
diarrhoea. Vaccine effectiveness varies in settings with 
estimates around 44 to 51% in low-income settings, 
76 to 86% in middle income setting and 80 to 86% in 
middle to high income settings.  A consistent finding 
is the decreased effectiveness for children from low 
and middle-income settings compared to high-income 
regions. Both vaccines are more effective against 
severe gastroenteritis than mild.

There is a possible decline in effectiveness in the 
second year of life, particularly in low income 
countries.

Both vaccines appear to offer reasonable protection 
even in partially vaccinated infants. Co-infection with 
other viruses may be common, but good vaccine 
effectiveness is still observed. 

While there are some data suggesting the VE for RV1 
may be lower than RV5, further monitoring is required.  
To date there are no significant differences in VE by 
genotype, and no evidence of waning immunity. 

For vulnerable groups the vaccine is expected to be 
effective in HIV-infected children, in malnourished and 
probably effective in preterm infants.

There are small differences in immunogenicity and 
efficacy between breast fed and non-breast fed infants; 
vaccine efficacy was similar in both groups, although, 
breast feeding seemed to reduce slightly the efficacy in 
the second season.

Despite the potential for decreased efficacy for 
different strains not contained in the vaccines, both 
vaccines to date have provided good cross protection 
against the common circulating strains in Europe and 
the US. RV1 may provide lesser protection against 
G2P[4] in Latin America, though this has not been 
confirmed. Both vaccines appear to have similar 
efficacy against a wide range of strains in Asia and 
Africa. 

Early data in the US and Europe is showing good herd 
immunity effects.
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6. Vaccine Options
6.1 Objective
The objectives for this section are to consider the 
different vaccine options for NZ in terms of available 
vaccines and schedules. 

6.2 Review
Both rotavirus vaccines are licensed in NZ: RV1 in 
a two-dose course and RV5 in a three-dose course.  
To date, data would suggest that either vaccine is 
expected to be effective with a good safety profile.  
There is some data suggesting that the RV1 may 
have lower VE than RV5, this is not currently seen as 
significant although worthy of further monitoring. As 
both vaccines appear to show similar efficacy against 
all genotypes, there is no obvious preferential vaccine 
based on NZ epidemiological patterns.

There are a range of other vaccine candidates in the 
pipeline.  For example, a live oral attenuated G1P[8] 
derived from a child in Vietnam is in phase II trials 
in Israel (69). In low income countries the current 
rotavirus vaccines are less effective than in high 
income countries, primarily because the development 
of these vaccines was based predominantly on 
serotype spectrums in higher income countries.  
There are other vaccines in development from low 
income countries such as the 116E (Bharat Biotech) 
based on the human rotavirus G9P[11] in phase II 
trials in India (40). An RV3 vaccine, derived from a 
P2A[6]G3 strain in Australia, is being developed with 
BioPharma, Indonesia. Technically, it is feasible and 
straightforward to make any new type of reassortant 
vaccine as needed if the serotype match is poor (43).  

Although orally administered live virus vaccines are the 
primary approach with rotavirus vaccines currently, 
other approaches and routes of administration are 
being evaluated in animal models, such as virus-like 
particles, cold-adapted strains, inactivated strains and 
DNA vaccines (43).
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7. Options for scheduling 
7.1 Objective
The objectives for this section are to summarise 
the available vaccines and present options of using 
rotavirus vaccines on the NZ Immunisation Schedule. 
The recommendations for the minimum age times of 
delivery and intervals are considered so as to avoid 
the age range in which intussusception is most likely to 
occur.

7.2 Review

7.2.1  Schedule timing and placement 

In countries where rotavirus vaccine has been 
introduced, it is as a universal programme either for 
the entire country, or to a region.  All introductions 
have been as part of an infant schedule. No countries 
have introduced a targeted vaccination campaign.  
Early data to date has shown the effectiveness of herd 
immunity based on the use of an infant schedule, with 
no catch-up schedule (66, 67).  

The ACIP recommends the use of three doses of RV5 
at two, four and six months of age, or two doses of 
RV1 at two and four months of age.  The minimum age 
for the first dose is six weeks with subsequent doses 
given with an interval of at least four weeks.  To avoid 
the age range in which intussusception is most likely 
to occur, the first dose is not recommended for infants 
more than 14 weeks and six days old, and due to 
insufficient safety data for the age group, no doses are 
to be given to infants over eight months of age (4).

Modelling has been conducted for responses to the 
lower vaccine efficacy seen in low income countries, 
and suggested strategies have included delaying 
administration of the RV1 schedule to 10 and 14 
weeks to allow maternal antibody levels to wane for 
another four weeks, although this needs to be weighed 
against the risk of early natural infection and potential 
risk of intussusception with later vaccination.  Another 
possibility is a three-dose schedule with RV1, for which 
an estimated gain of 9% in vaccine effectiveness 
has been predicted in these settings (42).  This issue 
is likely to be less pertinent to NZ, but will require 
surveillance when rotavirus vaccine is introduced.

7.2.2  NZ context

The internationally recommended age ranges are 
suitable for the NZ schedule at six weeks and three 
months for RV1 or six weeks, three months and five 
months for RV5.

There may be gains in a two-dose RV1 regimen over a 
three-dose RV5; however, the primary course currently 
offers the same vaccines at each visit which allows 
simplicity, so it is equally valid to suggest a three-dose 
regimen for simplicity of schedule delivery. 

There is a small difference in immunisation coverage 
between dose two and dose three which could 
theoretically reduce the uptake of a three dose vaccine 
over a two dose vaccine.  However, there is also the 
potential that having to deliver the rotavirus vaccine 
within a tight time window will encourage better on-
time vaccination.

7.3 Summary of options for 
scheduling
The vaccines are all recommended and used in 
universal infant programmes either as a two 
dose (RV1) or a three dose (RV5) regimen, with 
recommended minimum age times of delivery 
and intervals to avoid the age range in which 
intussusception is most likely to occur. Maternal 
antibody interference with the first dose may 
contribute to lower efficacy in developing countries, 
but is expected to be less pertinent to the NZ setting. 
There is no international experience of the use of 
targeted programmes, or catch up schedules. While 
a two-dose regimen may be more attractive in terms 
of less delivered vaccine and the possibility of lower 
coverage at the third visit, so long as NZ maintains 
high coverage for the five month visit, the advantages 
of a two dose regimen are not compelling. 
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8. Implementation issues
8.1 Objective
The objective of this section is to review the most 
recent data for currently licenced rotavirus vaccines 
with respect to potential implementation issues in the 
NZ context. This includes placement in the current 
schedule, co-administration (concomitant use) with 
other schedule vaccines, targeted programmes, and 
vulnerable groups. 

8.2 Review

8.2.1  Concomitant use with other vaccines

The Cochrane review of rotavirus vaccines in 2012 
reported that the use of all other national schedule 
vaccines did not affect the results for RV5 and placebo 
at a two-year follow-up (2).  This would include 
schedules using oral and inactivated polio, whole 
cell and acellular pertussis, diphtheria, tetanus, Hib, 
pneumococcal conjugates and hepatitis B.  When 
co-administered with oral polio vaccine (OPV), both 
RV1 and RV5 show a reduced immune response to the 
first dose, however, responses to subsequence doses 
were not affected. Hence, the WHO recommends that 
concomitant use is safe and effective with the EPI 
vaccines, including OPV (4).  

8.2.2  Serotype shifts

To date, all studies suggest that a natural shift 
in strain, unrelated to vaccination, is commonly 
seen. However, these strain shifts also highlight 
the importance of robust, longitudinal surveillance 
to closely follow the long-term effect of rotavirus 
vaccination on strain ecology. The question remains 
as to whether high levels of immunity to vaccine 
serotypes could lead to evolution of strains that evade 
vaccine protection (5).

Current US and European studies suggest a good 
match between both RV1 and RV5 vaccines and the 
circulating strains (66). The match may not be so good 
for low income countries where there is more variety 
in circulating strains. Limited NZ epidemiological data 
suggests similar strains to Europe and US, but with 
occasional less common strains being identified.  There 
is no compelling data to suggest either RV1 or RV5 
would be preferable for the NZ epidemiology. Refer NZ 
epidemiology section 3.

8.2.3  Herd immunity effects 

Herd immunity occurs as a result of deceased 
transmission of rotavirus in the community and 
provides indirect protection to unvaccinated 
individuals. 

Post-market surveillance studies in the US and 
Australia have shown significant declines in rotavirus 
gastroenteritis among older child who were not age-
eligible for vaccination, suggesting indirect benefits 
from reduced transmission in the community (4, 67, 
70).  Herd immunity effects have also been noted after 
routine vaccination in El Salvador, Panama, Mexico 
and Austria (5).

A comparative analysis of transmission dynamic 
models for rotavirus,  based around the features of 
rotavirus epidemics in England and Wales, predicted 
that during the initial year after vaccine introduction, 
the incidence of severe rotavirus gastroenteritis would 
be reduced 1.8 - 2.9 times more than expected from 
the direct effects of vaccine alone, but over a five year 
period following vaccine introduction severe rotavirus 
gastroenteritis would reduce by only 1.1 – 1.7 times 
more that direct effects alone (68). 

8.2.4  Targeted versus universal 
programme

Rotavirus vaccines are designed for universal infant 
vaccination programmes.  There are no international 
programmes focused on targeted high risk groups, 
however, it could be feasible to introduce the vaccine 
into one region over another based on higher 
prevalence of rotavirus disease.  

8.2.4.1  Vulnerable groups

Rotavirus is a universal infection in young children.  
It is more severe in children aged three-24 months, 
in non-breast fed children, and in children with poor 
nutrition (4). There is a small socioeconomic gradient 
in NZ with children from lower socioeconomic groups 
up to twice as likely to be hospitalised and Pacific 
children 1.45 more likely to be hospitalisation than 
NZ European children (71). Surveillance data from 
the New Zealand Child and Youth Epidemiology 
Service shows that children aged 0-14 years from 
the most deprived decile by the NZDep scale have 
a twofold increased incidence of hospitalisation for 
gastroenteritis over the least deprived decile, and 
Pacifica children have a 1.45 increased incidence over 
NZ European (71).
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 It would be difficult to institute a programme just 
targeting low income and other high risk children such 
as Pacific peoples, unless it was a geographical based 
targeting. Furthermore, targeting just individuals 
would have the disadvantage of not utilising herd 
immunity effects.     

8.2.5  Catch-up campaigns and 
vaccinating older children and adults

Catch-up campaigns or primary immunisation of older 
children is not recommended.  There are three main 
reasons for this. Firstly, there are theoretical concerns 
regarding intussusception, secondly, there is currently 
no data in older infants or children, and thirdly, the 
major burden of disease is in infants.  Older children 
and adults have usually acquired partial immunity 
from infection or vaccination earlier in life, and hence, 
are protected from severe disease. 

There are no data regarding the use of the current 
rotavirus vaccines in older infants and children, 
although, it is likely that the safety profile will be 
similar to younger infants. Extensive post-marketing 
surveillance of rotavirus vaccines is being undertaken 
in studies in a number of countries and is expected 
to provide information regarding the ‘off label’ use of 
rotavirus vaccines.

8.2.6  Contraindications/precautions

Post-licensure safety data has not highlighted any 
unexpected areas of concern.  Below are summary 
points from a recent review (4).

Anaphylaxis to latex is a contraindication to the use 
of RV1 as the oral applicator for this vaccine contains 
latex rubber. The dosing tube for RV5 is latex-free.  

Both vaccines are contraindicated in infants with 
severe combined immunodeficiency disease (SCID); 
this is in response to reported cases of vaccine-
acquired rotavirus infection in these infants. 

The safety of these vaccines has not been established 
for infants with chronic gastrointestinal disease, such 
as congenital malabsorption syndromes, Hirshsprung’s 
disease, short gut syndrome, or persistent vomiting of 
unknown cause. 

It is recommended not to vaccinate infants with a 
history of intussusception, because they may be at 
greater risk of a repeat episode than other infants.

There is a small potential risk of transmitting vaccine 
virus to immunocompromised household members. 
However, protection of these household members 
afforded by immunisation of young infants is likely 

to outweigh this risk.  To minimise potential virus 
transmission, all household members should use good 
hand washing after contact with faeces of vaccinated 
infants.

8.2.7  Serotype replacement

There are theoretical concerns that the widespread 
use of rotavirus vaccines will introduce selective 
pressures on rotavirus serotypes by triggering genetic 
and antigenic changes that may alter the ecology 
and distribution of circulating strains, and thereby 
undermining the effectiveness of the vaccines (41).  
Although, there is no evidence of this to date, this 
issue remains uncertain and will require continued 
surveillance of serotypes (72).  One hypothesis is that 
RV1 will protect more poorly against G2P[4] and 
G9P[4] with which it shares no common outer capsid 
proteins.  There are theoretical concerns that the 
RV5 vaccine works less against G3, and therefore G3 
viruses might emerge as breakthrough strains (41). 
Observational studies to date have not clearly shown 
any of these trends.

8.2.8  Interchangeability of RV1 and RV5

No current studies address the interchangeability of 
the two rotavirus vaccine products. However, the ACIP 
advises that “there are no theoretic reasons to expect 
that the risk for adverse events would be increased if 
the series included more than one product, compared 
with the risk for adverse events of a series containing 
only one product. Further, although it is possible that 
effectiveness of a series that contained both products 
could be reduced compared with a complete series 
with one product, the effectiveness of a series that 
contains both products is likely to be greater than an 
incomplete series with one product” (73). 

8.2.9  Implementation of a new vaccine

A recent systematic review of the published literature 
around the impact of introducing new vaccines focused 
on systems issues. The full review analysed 130 
relevant articles and concluded that the new vaccine 
introduction was most efficient when the vaccine was 
introduced into an existing delivery platform, and 
when introduced in combination with vaccines already 
in the routine immunisation schedule. New vaccine 
introduction did not impact on coverage of vaccines 
already included in the routine schedule. Capacity 
issues around the need for increased cold chain 
storage, new training and education for healthcare 
workers and social mobilisation were noted. Overall, 
the review concluded that there was evidence of 
reduced healthcare costs associated with introduction 
of the new vaccine in high income countries (74).  
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8.3 Summary for 
implementation issues
There are no concerns with concomitant use of RV 
vaccines with other standard national schedule 
vaccines. Longitudinal surveillance needs to continue 
to watch for possible strain serotype shifts with the 
introduction of RV vaccines. Herd immunity effects add 
to the effectiveness of RV vaccines. 

RV vaccines are designed for universal, not targeted 
programmes; NZ epidemiology data shows that Pacific 
children and children from more socioeconomically 
deprived backgrounds bear a greater burden of 
hospitalisation from rotavirus, and there may be 
potential for introducing the vaccine in regions with 
higher rates of deprivation, and in Pacific populations.  
Little would be added from using a targeted approach 
to high risk individuals, as this would lose the gains 
from herd immunity.  

The use of catch up campaigns is not recommended. 
There is no data to support vaccinating older children, 
further data is awaited for the possible ‘off label’ use 
in vulnerable older age groups.

Anaphylaxis to latex is a contraindication to 
the use of RV1 but not RV5.  Both vaccines are 
contraindicated in infants with severe combined 
immunodeficiency disease.  The safety in other rare 
high risk groups such as congenital malabsorption, 
short gut syndrome, persistent vomiting of unknown 
cause and Hirshsprung’s disease is unknown.  It is 
recommended not to vaccinate infants with a previous 
history of intussusception. There is a potential risk 
of transmission to immunocompromised household 
members so good hand hygiene is particularly 
important in these situations. 

There is no data on interchangeability of RV1 and RV5. 
A complete course with one vaccine is preferable, but 
if necessary a series that contains both vaccines is 
preferable to an incomplete series. 

For a new vaccine introduction capacity issues 
for increased cold chain storage, new training 
and education for healthcare workers and social 
mobilisation need to be considered.
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9. International policy and practice
9.1 Objective
Summarise international experience on the use of 
rotavirus vaccines and position statements and 
policies from countries with comparable populations 
to NZ.

9.2 Review
As of September 2011, rotavirus vaccine had been 
introduced into the national programmes of 28 
countries; 15 in Americas, four in Europe (Austria, 
Belgium, Finland and Luxembourg), four in Oceania, 
three in the Middle East, two in Africa (5). Of these 16 
countries are using RV1, eight are using RV5 and four 
are using both. 

To date, all countries have introduced a schedule to be 
complete by 26-32 weeks. There have been no catch-up 
vaccination programmes instituted in older children.

9.2.1  United States

The US Advisory Committee on Immunization Practice 
(ACIP) recommends universal rotavirus vaccination for 
all infants, with either the RV1 in a two dose schedule 
at two and four months of age or  RV5 in a three-dose 
schedule at two, four and six months of age (73). ACIP 
advises a minimum interval between doses of four 
weeks and a maximum age for the first dose at 14 
weeks and six days, and the maximum age for the last 
dose at eight months. Vaccination is recommended for 
infants who have already had an episode of rotavirus 
gastroenteritis, infants who are breastfed, preterm 
infants who are clinically stable and have been 
discharged from the ‘nursery’, and infants living with 
immunocompromised individuals or pregnant women.  

9.2.2  United Kingdom

The United Kingdom (UK) Joint Committee on Vaccines 
and Immunisation (JCVI) reported that after reviewing 
all the data, the licensed rotavirus vaccines provided 
good protection in infants against rotavirus infection, 
and that the vaccines have good safety profiles. It 
recommended the introduction of rotavirus vaccines if 
the vaccine price enables them to be cost effective (75). 

Starting in September 2013, a two-dose regimen 
of Rotarix™ (RV1) was added to the UK childhood 
immunisation schedule for three years for all infants 
between six and 24 weeks of age.

9.2.3  Canada

As of 2010, the National Advisory Committee on 
Immunization (NACI) in Canada recommends 
universal vaccination for infants starting at six weeks 
of age and up to the age of 14 weeks and six days. 
The vaccination series should be completed by eight 
months of age. RV1 and RV5 are both available. NACI 
recommends that based on the theoretical risk of live 
attenuated viral vaccines in immunocompromised 
infants, and very minimal data in this population, 
infants with suspected or known immunocompromising 
conditions should not receive RotaTeq® (RV5) or 
RotarixTM (RV1) without consultation with a physician 
specialist or expert in these conditions. The NACI also 
recommends that rotavirus vaccines should not be 
given to  infants with a history of intussusception (76).  

9.2.4  Australia

Rotavirus vaccines are recommended and funded 
from 1 July 2007 in Australia under the National 
Immunisation Program (NIP) for routine immunisation 
of infants in the first year of life. RV1 is administered 
as a two-dose course at two and four months of age, 
and RV5 in a three dose course at two, four and six 
months of age.  Immunisation of older children and 
adults is not recommended. The intervals separating 
the doses should be no less than four weeks. The 
upper age limit for receipt of the first dose of RV1 is 
14.9 weeks, and for receipt of the second dose is 24.9 
weeks.  The upper age limit for receipt of the first dose 
of RV5 is 12.9 weeks, and for the third dose is 32.9 
weeks. Rotavirus vaccination is not recommended 
for infants who have known or suspected 
immunodeficiency.  However, infants who are 
household contacts of immunocompromised patients 
are recommended to be vaccinated. Vaccination of 
premature infants according to chronological age is 
recommended if they are at least six weeks of age and 
are clinically stable (77)
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9.3 Summary of international 
policy and practice
As of September 2011, rotavirus vaccine has been 
introduced into the national programmes of 28 
countries, 16 using RV1, eight using RV5, and four 
using both.  In all countries the schedule needs to 
be completed between by 26 to 32 weeks of age.  In 
the US, RV vaccine is recommended at a minimum 
interval of four weeks between doses and a maximum 
age for the first dose of 14 weeks and six days and 
the last does by eight months. RV1 was introduced 
in the UK in July 2013.  In Canada and Australia 
rotavirus vaccine is not recommended for infants who 
have known or suspected immunodeficiency, but is 
recommended to infant household contacts of those 
with immunodeficiency. 
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