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Abstract

Rotavirus vaccines have demonstrated significant impact in reducing the burden of morbidity and 

mortality from childhood diarrhoea in countries that have implemented routine vaccination to date. 

Despite this success, in many countries, rotavirus vaccine coverage remains lower than that of 

other routine childhood vaccines. Several issues may potentially affect vaccine uptake, namely 

safety concerns related to intussusception with consequent age restrictions on rotavirus 

vaccination, contamination with porcine circovirus, vaccine-derived reassortant strains and 

hospitalization in newborn nurseries at time of administration of live oral rotavirus vaccine. In 

addition to these safety concerns, other factors may also affect uptake, including lower vaccine 

efficacy in the developing world, potential emergence of strains escaping from vaccine protection 

resulting in lower overall impact of a vaccination programme and sustainable vaccine financing. 

Although further work is needed to address some of these concerns, global policy bodies have 

reaffirmed that the benefits of rotavirus vaccination outweigh the risks, and vaccine use is 

recommended globally.
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Introduction

Rotavirus infection is a major contributor to severe childhood diarrhoea, causing significant 

morbidity and mortality, with nearly 200 000 deaths among children younger than 5 years of 

age attributable to rotavirus in 2011 [1–4]. The majority of rotavirus deaths occur in the 

developing world, with several countries in sub-Saharan Africa reporting rotavirus-specific 

death rates of over 100 per 100 000 children [4]. While mortality from rotavirus is 

uncommon in developed settings, the burden of severe morbidity is substantial. In the United 

States, before vaccine introduction, an estimated 55 000–70 000 hospital admissions for 
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severe rotavirus gastroenteritis occurred each year in children under 5 years of age, with 20 

to 60 deaths [5].

In 2006, two live, attenuated rotavirus (RV) vaccines, a pentavalent (RV5; RotaTeq; Merck 

and Co.) and a monovalent (RV1 Rotarix; GSK Biologicals) formulation, demonstrated 85–

98% efficacy against severe rotavirus gastroenteritis in large clinical trials conducted in the 

Americas and Europe [6,7]. These vaccines were subsequently recommended and licensed 

for routine use in the United States [5] and worldwide, with an emphasis on countries where 

mortality from diarrhoeal deaths was ≥10% among children under 5 years of age [8]. As of 

January 2016, these vaccines are being used in the national immunization programs of 80 

countries [9](http://sites.path.org/rotavirusvaccine/files/2015/12/PATH-Worldwide-

Rotavirus-Vaccine-Introduction-Map-EN-2016.01.01_WHO.jpg) (Fig. 1).

The burden of rotavirus has significantly decreased in many countries that have adopted 

routine rotavirus vaccination. Notably, reductions in diarrhoea deaths have been reported 

after rotavirus vaccine introduction in Brazil, Panama and Mexico [9]. In Brazil, rotavirus 

vaccine coverage reached 90% for the first dose of RV1 and 77% for the second dose among 

infants by 2008. That same year, the gastroenteritis mortality rate among children less than 1 

year of age decreased from 57 per 100 000 in 2004–2005 to 35 per 100 000, representing a 

relative reduction of 39% (95% confidence interval (CI), 29–49) [10]. In Mexico vaccine 

coverage reached 74% for the first dose of RV1 and 51% for the second dose among infants 

before the 2008 rotavirus season; during 2008, diarrhoea-associated mortality among infants 

11 months of age or younger declined by 41% (95% CI, 36–47) to 36 per 100 000 compared 

to 62 per 100 000 during the prevaccine years from 2003 to 2006 [11]; this reduction was 

sustained for 4 years [12,13]. Similarly, in Panama, where vaccine coverage reached 71% in 

2008, gastroenteritis-related mortality rate for children under 1 year of age decreased from 

73 deaths per 100 000 in the 2000–2005 prevaccine period to 40 per 100 000 in 2008, 

representing a 45% decrease [14]. In addition to these remarkable mortality benefits, 

reductions of 17–55% in hospitalizations for all-cause diarrhoea and of 49–92% in 

hospitalizations for rotavirus-specific diarrhoea have been reported in the United States, 

Europe, Australia, Latin America and Africa [9,15–17]. Since vaccine introduction in the 

United States in 2006, rotavirus seasons have been delayed in onset, of shorter duration and 

of diminished magnitude (Fig. 2) [18,19].

Despite the remarkable overall impact of rotavirus vaccination, vaccines have not been 

universally adopted around the world; notably, no country in Asia has adopted a routine 

nationwide rotavirus vaccination programme to date. In addition, in many countries that 

have adopted vaccination, coverage of rotavirus vaccines remains lower than that of other 

established childhood vaccines (http://www.who.int/mediacentre/factsheets/fs378/en/) [20]. 

Here we discuss some of the potential barriers that might be affecting uptake and use of 

rotavirus vaccines.

Aliabadi et al. Page 2

Clin Microbiol Infect. Author manuscript; available in PMC 2018 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://sites.path.org/rotavirusvaccine/files/2015/12/PATH-Worldwide-Rotavirus-Vaccine-Introduction-Map-EN-2016.01.01_WHO.jpg
http://sites.path.org/rotavirusvaccine/files/2015/12/PATH-Worldwide-Rotavirus-Vaccine-Introduction-Map-EN-2016.01.01_WHO.jpg
http://www.who.int/mediacentre/factsheets/fs378/en/


Safety Concerns

Intussusception

Intussusception is a condition where one part of the intestine telescopes into an adjacent 

section, creating blockage and decreased circulation. If not corrected, it can lead to necrosis 

and perforation of the bowel and death. Mortality among young children hospitalized for 

intussusception is primarily related to suboptimal or delayed access to health care, and it 

ranges from as little as 0.1% in developed settings such as the United States and Europe to 

as high as 10–35% in some countries of Africa [21].

The first commercially available rotavirus vaccine, the rhesus rotavirus reassortant 

tetravalent vaccine (RRV-TV; Rotashield; Wyeth Vaccines), was introduced in 1998 in the 

US market and was recommended by the US Advisory Committee on Immunization 

Practices (ACIP) to be provided to all US infants as a three-dose schedule given at 2, 4 and 6 

months of age. Shortly after vaccine introduction, an increase in reports of intussusception 

among infants given RRV-TV was noted through the national Vaccine Adverse Event 

Reporting System [22]. This led to a temporary suspension of vaccine administration, and 

formal studies were launched to examine the association between RRV-TV and 

intussusception. Data from these studies confirmed an increased risk of intussusception with 

RRV-TV, with an almost 30-fold elevated risk of developing intussusception during the first 

3 to 7 days after the first dose of RRV-TV [23]. An expert group estimated that the 

population attributable risk of intussusception was ~1 excess case per 10 000 recipients of 

RRV-TV [24]. This level of risk was deemed unacceptable for further vaccine use; the ACIP 

withdrew its recommendation [25], and the manufacturer withdrew RRV-TV from the US 

market in 1999.

Both RV5 and RV1 have undergone close scrutiny for intussusception risk as a result of the 

RRV-TV experience. In large pre-licensure clinical trials which included over 60 000 

participants each, neither vaccine demonstrated an increased risk of intussusception [6,7]. 

The RV5 trial reported a relative risk of intussusception within 42 days after any of the three 

vaccine doses of 1.6 (95% CI, 0.4–6.4) [6] while the RV1 trial reported a relative risk of 0.85 

(95% CI, 0.3–2.42) for the period within 30 days of any of the two doses [7]. Given these 

reassuring data, the World Health Organization (WHO) recommended rotavirus vaccines for 

global use, noting that further postlicensure monitoring should continue to further examine 

any possible risk of intussusception.

Postlicensure studies have been conducted in Australia, Brazil, Mexico and the United States 

to specifically evaluate intussusception risk with use of either rotavirus vaccine [26]. Case 

series analyses from Australia, where both RV1 and RV5 are available, detected a low level 

risk in the first 21 days after dose 1 and the first 7 days after dose 2 for both vaccines, with 

an estimated excess of about 4.3 intussusception cases per 100 000 RV1-vaccinated infants 

and about 7 intussusception cases per 100 000 RV5-vaccinated recipients [27]. Data using 

both case series and case–control analyses showed an incidence ratio of 5.3 (95% CI, 3.0, 

9.3) and an odds ratio of 5.8 (95% CI, 2.6, 13.0), respectively, during 1 to 7 days after the 

first dose of RV1 in Mexico and an incidence ratio of 2.6 (95% CI, 1.3, 5.2) and an odds 

ratio of 1.9 (95% CI, 1.1, 3.4), respectively, in Brazil after the second RV1 dose [28]. These 
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risk figures translated into an excess of one to two cases of intussusception per 100 000 

vaccinated children. In the United States, one analysis of administrative data found that RV5 

was associated with 1.1 excess cases of intussusception per 100 000 recipients in the 7 days 

after the first dose and 1.5 cases of intussusception per 100 000 recipients in the 21 days 

after the first dose [29]. The same study noted an elevated risk after the second dose of RV1, 

but this analysis was underpowered. Another administrative database analysis of cohort data 

from six health care organizations found an increased risk of 5.3 cases of intussusception per 

100 000 vaccinated with RV1 [30].

Taken together, these data from various settings show an increased risk of intussusception 

with both RV5 and RV1, with about one to six excess cases per 100 000 vaccinated infants. 

The WHO and other policy bodies have reviewed these data in the context of the large health 

benefits of vaccination that have been seen in many countries, and they have reaffirmed the 

decision to recommend rotavirus vaccination, in view of the benefits greatly exceeding the 

risks.

Age restriction of rotavirus vaccine schedule

Naturally occurring intussusception is uncommon in the first 2 months of life, after which 

incidence increases rapidly to peak at 6 months of age and thereafter declines steadily [31]. 

With the withdrawn RRV-TV vaccine, for which catch-up vaccination was allowed up to 6 

months of age with the first dose, some data suggested that the risk of intussusception 

occurring after receipt of the first dose of vaccine was associated with older age at 

vaccination, with infants aged 90 days or older accounting for 80% of reported cases of 

intussusception although they only received 20% of vaccine doses [32]. Furthermore, no 

cases of intussusception were noted among infants vaccinated at less than 60 days of age. 

Although it is still debated whether the relative risk of intussusception differed according to 

the age at which the first vaccine dose was administered [33–35], the absolute risk would 

undoubtedly be greater at older ages, given the higher baseline rate of intussusception. Given 

these considerations, an upper age limit of 15 weeks for the first dose of RV5 and RV1 was 

recommended when they were introduced into national immunization programs [36].

In developed countries, the strict age restriction of 15 weeks for receipt of the first dose of 

rotavirus vaccination is estimated to reduce the coverage of rotavirus vaccine by 5–10% 

compared to other childhood vaccines based on data on timing of routine childhood 

vaccinations [37,38]. However, in developing countries, where delays in the timing of 

childhood vaccination are far more common, these age restrictions could substantially affect 

vaccine coverage by as much as 30–40% in some areas. A scenario analysis examined the 

benefits of rotavirus vaccination on mortality reduction from gastroenteritis versus the risk 

of fatal intussusception in 158 low- and middle-income countries when vaccine was 

provided in an age-restricted compared to an unrestricted schedule. This analysis found that 

lifting age restrictions would prevent 47 200 (18 700–63 700) more gastroenteritis deaths 

than an age-restricted schedule, while resulting in 294 (161–471) extra intussusception 

deaths [39]. Given these favorable benefit–risk data, in 2012 the WHO recommended that 

age restrictions on rotavirus vaccination in developing countries be relaxed, noting that 

vaccination should be as timely as possible to ensure maximum benefit [36]. Specifically, 
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while WHO still recommends that the first dose of rotavirus vaccine be given as soon as 

possible after 6 weeks of age, in settings where the mortality burden from rotavirus acute 

gastroenteritis is high, the 15-week age limit has been removed, and rotavirus vaccine is 

recommended to be administered orally alongside doses of diphtheria, pertussis and tetanus 

(DTP: DTP1 and DTP2 for RV1 and DTP1, DTP2 and DTP3 for RV5) with at least 4 weeks 

between doses, up to 24 months of age [40]. While several low-income countries have 

recommended rotavirus vaccination without age restriction per the 2012 WHO 

recommendations, others continue to adhere to the age restrictions. In addition, most high-

income countries still recommend vaccination with age restrictions [5,41].

Vulnerable populations

In a study using data from an active surveillance system, rotavirus vaccine coverage was 

compared to rotavirus prevalence rates in hospitalized children in an urban setting in the 

United States [42]. Researchers found that physician practices with lowest vaccine coverage 

(defined as <40%) had the highest prevalence of rotavirus. Of note, one of the low coverage 

locations was a neonatal intensive care unit (NICU). NICU patients may miss opportunities 

to receive rotavirus vaccine in the usual outpatient setting if they are hospitalized for 

prolonged periods to an age beyond 15 weeks, as they may become age ineligible to start the 

rotavirus vaccine series. Vaccination of these infants while they are still in the NICU has 

raised concerns about shedding and transmission of vaccine-derived virus to other infants in 

the NICU. Studies from the United States and Canada examining hospital administration of 

rotavirus vaccines for infants admitted in the NICU have shown that vaccine does not cause 

definite rotavirus-attributable symptomatology after vaccination; nor does it lead to 

increased rates of symptomatic nosocomial rotavirus after vaccination [43,44]. However, 

practices regarding rotavirus vaccination of infants while they are still in the NICU show 

substantial variation.

Porcine circovirus contamination

In 2010, contamination with porcine circovirus (PCV) was identified in both RV5 and RV1. 

PCV is a single-stranded DNA virus that infects pigs but has not been reported to cause 

disease in humans. RV1 was first found to contain full-length PCV1 genomes [45], and RV5 

was later found to contain PCV1 and PCV2 genome fragments [46]. The US Food and Drug 

Administration (FDA) temporarily suspended the use of RV1 in 2010 (http://www.fda.gov/

BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm205540). Data suggested that 

porcine trypsin, a reagent commonly used in the manufacture of biologicals (http://

www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2014/02/

WC500162147.pdf), was likely the source of the detected PCV1 DNA [47]. After further 

review of data, an expert FDA advisory committee deemed it safe to resume use of RV1 and 

continue using RV5 (http://www.fda.gov/BiologicsBloodVaccines/Vaccines/

ApprovedProducts/ucm212140, http://www.who.int/immunization/newsroom/

news_rotavirus_vaccine_use/en/index.html), a position that was endorsed by the European 

regulatory agencies and the WHO.

Despite the recommendation to resume use of rotavirus vaccine, porcine circovirus 

contamination impacted vaccine integration into national immunization schedules. In France 
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and Spain introduction of vaccine was hindered because of these safety concerns (http://

venice.cineca.org/Venice2_WP3_Report_December2010.pdf) [48]. In Spain, although 

rotavirus vaccine had not been integrated, its use had been supported by the paediatric 

vaccine advisory committee since 2008, and coverage had reached 40% by 2010. Because of 

PCV1 contamination, the use of the vaccine was suspended for several months in 2010 in 

Spain, and the effects of this suspension on disease burden and healthcare-associated costs 

were examined [49]. It was estimated that in the 5 months of vaccine distribution 

suspension, assuming coverage had fallen to 0, 85 450 children were not vaccinated, 

resulting in an estimated 2904 episodes of gastroenteritis due to rotavirus, 497 

hospitalizations, 1444 emergency room visits, 1674 paediatrician visits and a total of €2.2 

million in avoidable costs.

Vaccine-derived strains associated with diarrhoea

Rotavirus vaccines contain live attenuated virus strains which replicate in the gastrointestinal 

tract after administration and have the potential to both shed via stool as well as being able 

to undergo reassortment with other vaccine strains or wild-type virus. Active acute 

gastrointestinal surveillance in the United States has identified both vaccine-derived strains 

and reassortant strains circulating in the community. One case report of horizontal 

transmission of vaccine virus documented the isolation of RV5-derived strains from a child 

evaluated in the emergency department whose only exposure to vaccine had been via a 

sibling who had recently been immunized with RV5 [50]. Another case series found that in 

106 rotavirus-positive stool specimens from patients with severe gastroenteritis, five were 

vaccine-reassortant or vaccine-derived strains [51]. Four of these were related to RV5 

vaccine, including three patients who had been recently vaccinated and were shedding either 

the RV5 vaccine strain or a double reassortant derived from two of the five rotavirus vaccine 

reassortant strains in RV5. The contribution of these identified strains to the patients' illness 

was not clear cut, as two were coinfected with other pathogens and two had prominent 

respiratory symptoms. An Australian study examined 61 children who had recently received 

RV5 and subsequently developed gastroenteritis [52]. Thirteen of these infants had vaccine-

derived rotavirus strains, and four of these demonstrated reassortment. These researchers 

also tested 460 faecal samples from the Australian severe gastroenteritis surveillance 

programs and found three vaccine-derived strains, two of which demonstrated reassortment. 

Finally, a case series from Finland also reported the presence of double-reassortant rotavirus 

in three symptomatic infants shortly after receiving RV5, as well as detection of vaccine 

strain in one infant [53]. Although these cases of severe gastroenteritis potentially related to 

vaccine-derived rotavirus strains are of concern, the overall incidence of such events appears 

to be small (estimated at 1 in 140 000 vaccinees in one study), and the risk is outweighed by 

the overwhelming positive impact of rotavirus vaccinations.

Other Factors

Lower vaccine efficacy in the developing world

Compared to the 85–98% vaccine efficacy against severe rotavirus gastroenteritis noted in 

key clinical trials in Latin America, the United States and Europe [6,7], studies from Africa 

and Asia have reported lower efficacy. In Africa a clinical trial of RV5 conducted in Ghana, 
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Kenya and Mali found an efficacy of 64% in the first year of life [54], while a trial of RV1 in 

South Africa and Malawi found an overall efficacy of 62% against severe rotavirus 

gastroenteritis in the first year of life [55]. In Asia RV5 was studied in Vietnam and 

Bangladesh and was found to be 51% efficacious [56]. Studies of RV1 in routine use in 

African settings have shown similar figures. When evaluated in routine programmatic use 

after licensure, RV1 was found to be 40–64% effective in South Africa and Malawi [57,58].

Reasons for lower effectiveness and efficacy compared to more developed settings are 

multifactorial, involving issues related to vaccine uptake and infants' ability to mount an 

immunoresponse. The presence of transplacental preexisting circulating antibody in the 

infant has been shown to decrease the infants' immunoresponse to vaccine [59,60]. Breast-

feeding was postulated to be one of the factors that may diminish immunoresponse to the 

vaccine based on in vitro studies [61], but a series of randomized clinical trials from South 

Africa, Pakistan and India did not show a difference in vaccine seroconversion among 

infants with unlimited breast-feeding compared to those whose breast-feeding was withheld 

around the time of vaccination [62–64]. Additionally, unsanitary living conditions, chronic 

malnutrition and the presence of coinfections also likely play a role in infants' 

immunoresponse to rotavirus vaccine, with a recent study from Bangladesh reporting 

rotavirus vaccine failing in 69% of infants who had received it as a result of a combination 

of these factors [65]. Finally, coadministration of rotavirus vaccine alongside oral poliovirus, 

while not having effect on the immunogenicity to oral poliovirus, has been shown to reduce 

the antibody response to rotavirus vaccine [66].

Despite the lower efficacy, however, the public health impact of vaccination will be 

substantial in low-income setting because of the tremendous burden of diarrhoeal disease. 

This is well illustrated by data from the rotavirus vaccine trial in South Africa and Malawi. 

In this trial, while vaccine efficacy was poorer in Malawi (49%) than in South Africa (77%), 

vaccination of 100 infants prevented 6.7 cases of severe rotavirus gastroenteritis in Malawi 

versus 4.2 in South Africa, the result of the higher baseline incidence in Malawi compared to 

South Africa. Indeed, it was this consideration of the large public health impact of 

vaccination that drove the WHO decision in 2009 to recommend rotavirus vaccination for all 

countries globally.

As these vaccines are increasingly in use in high-burden, developing countries, current 

research efforts are also underway to improve vaccine performance in these settings. Studies 

to determine the benefit of adding a third doses of RV1 are underway and have shown mixed 

results. A randomized controlled study in Ghana demonstrated that infants receiving a third 

dose of RV1 had increased seroconversion and mean titres of antirotavirus IgA compared to 

infants receiving the standard 2 doses [67], whereas a randomized study in Pakistan showed 

no such increase using the same dosing schedule [68]. In Bangladesh a 9-month booster 

dose of rotavirus vaccine, provided alongside the routine dose of measles–rubella vaccine, 

was shown to increase antirotavirus antibodies compared to infants who received measles–

rubella vaccine alone [69]. Further studies will help determine the utility of booster dosing. 

In addition to these studies, identifying more suitable markers as correlates of protection for 

rotavirus vaccines is also underway [70].
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Potential emergence of rotavirus strains escaping vaccine immunity

The rotavirus genome contains 11 RNA segments, two of which encode the outer capsid 

proteins VP7 and VP4 (G and P protein, respectively) and form the basis of binary 

classification (G and P type) of rotavirus [71]. Though reassortment among segments of the 

genome is common, before vaccine introduction, the majority of strains contained five 

combinations of G and P proteins: G1P [8], G2P [4], G3P [8], G4P [8] and G9P [8] [72,73]. 

The two rotavirus vaccine differ in composition; RV5 contains five bovine rotavirus strains 

that each express a human surface antigen of G1–4 and P1A [8] specificity, while RV1 

contains a single human-derived G1P [8] strain. Concern for selective pressure arose in some 

countries after vaccine implementation, particularly with observed dominance of G2P [4] 

strains in some settings with RV1 use—a strain with both different G and P type than the 

vaccine strain [74–77]. However, many of the strain changes observed in the initial years 

after vaccine implementation were not sustained over time [78] and thus may be related to 

natural secular variation rather than vaccine-induced selection pressure [79,80]. 

Furthermore, a recent meta-analysis that examined published genotype data from high- and 

middle-income countries using either or both RV1 and RV5 [81] found that both vaccines 

exerted similar effectiveness against a range of rotavirus strains, whether heterotypic or 

homotypic to the vaccine strain or strains, and no sustained dominance of a particular strain 

was seen. Although these data are reassuring, further surveillance is warranted, particularly 

in low-income settings, to further assess any emergence of strains not protected by vaccine.

Sustainable vaccine financing

Financing remains problematic in both developed and developing settings. In Europe, where 

rotavirus vaccination has not been adopted by all countries, a member-state survey in 2010 

identified at least two countries that had decided not to incorporate rotavirus vaccine into 

their immunization schedules, citing high vaccine cost as a factor (http://venice.cineca.org/

Venice2_WP3_Report_December2010.pdf). As an alternative, some groups have advocated 

for vaccinating high-risk infants only in these settings, to offset costs associated with 

universally immunizing all infants [82]. Government resources were used for acquiring 

vaccine in almost all of the early adopting Latin American countries, though insufficient 

funds were cited as posing constraints in some of these countries [83]. The Global Alliance 

for Vaccines and Immunization (GAVI) provides financial support for the introduction of 

rotavirus vaccine, providing subsidies for countries with average gross national income per 

capital over the last 3 years equal to or less than US$1580 and with WHO/UNICEF vaccine 

coverage estimates ≥70% (http://www.gavi.org/support/apply/). This has greatly facilitated 

vaccine introduction in eligible countries, with 37 countries having introduced rotavirus 

vaccine with support through GAVI as of January 2016 (Fig. 1) (http://sites.path.org/

rotavirusvaccine/files/2015/12/PATH-Worldwide-Rotavirus-Vaccine-Introduction-Map-

EN-2016.01.01_WHO.jpg). Several of these countries (e.g. Angola, Kenya) have entered 

GAVI's accelerated transition phase by 2016, where they will receive support to transition to 

fully financing their own immunization programme over the course of several years (http://

www.gavi.org/support/apply/graduating-countries/).
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Conclusions

The issues noted in this review highlight the need for ongoing surveillance and targeted 

research as rotavirus vaccines are increasingly introduced into national immunization 

programs and as GAVI-assisted countries transition to fully financing their own 

immunization programs (Table 1). Overall, the many examples of the positive impact of 

vaccination on morbidity and mortality from rotavirus diarrhoeal disease warrants continued 

use of these vaccines as these issues are addressed.
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Fig. 1. 
Rotavirus introduction worldwide, PATH, as of January 2016.
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Fig. 2. 
Total and positive rotavirus tests, National Respiratory and Enteric Virus Surveillance 

System data, United States, 2000–2014 [19].
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Table 1

Factors influencing uptake of rotavirus vaccines

Concern Issue Major findings Reference

Safety Intussusception • 1–6 excess 
cases/100 000 
recipients.

• Vaccine benefits 
outweigh risks.

[21–30]

Age restriction of 15 
weeks (dose 1) in 
vaccine schedule

• Risk of 
intussusception 
may be related 
to older age at 
vaccination.

• Restriction may 
reduce vaccine 
coverage 5–10% 
in developed but 
as much as 30–
40% in some 
developing 
countries.

• Lifting 
restriction could 
potentially 
prevent 47 200 
AGE deaths 
while causing an 
additional 294 
intussusception 
deaths.

• In view of the 
benefits 
exceeding risks 
in high AGE 
mortality 
settings, the 
upper limit of 
15 weeks on 
dose 1 was 
relaxed by 
WHO, and 
vaccination is 
allowed 
concurrently 
with other 
childhood 
vaccines up to 
24 months of 
age.

[31–41]

NICU patients • NICU patients 
may miss 
opportunity to 
receive vaccine 
because they 
may be age 
ineligible by 
discharge.

• No definite 
attributable risk 
of AGE after 
vaccination of 
infants in NICU 
documented.

[42–44]
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Concern Issue Major findings Reference

Porcine circovirus • 2010 RV1/RV5 
found with PCV 
contamination, 
leading to a 
suspension of 
RV1 vaccination 
for short period.

• After thorough 
review, FDA 
panel found no 
evidence of risk 
from 
vaccination and 
deemed it safe 
to resume.

[45–49], http://www.fda.gov/BiologicsBloodVaccines/Vaccines/
ApprovedProducts/ucm205540, http://www.ema.europa.eu/docs/en_GB/
document_library/Scientific_guideline/2014/02/WC500162147.pdf, http://
www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/
ucm212140, http://www.who.int/immunization/newsroom/
news_rotavirus_vaccine_use/en/index.html, http://venice.cineca.org/
Venice2_WP3_Report_December2010.pdf

Vaccine-derived strains • ~1/140 000 RV5 
vaccinees have 
vaccine-derived 
rotavirus strain 
that could cause 
severe rotavirus 
disease.

• Risk 
outweighed by 
the large health 
benefits of 
rotavirus 
vaccination.

[50–52]

Other Lower efficacy in 
developing countries

• Modest vaccine 
efficacy of 40–
64% in 
developing 
countries still 
demonstrates 
impact in 
higher-burden 
settings.

• Presence of 
transplacental 
maternal 
antibodies, 
chronic 
malnutrition, 
coinfections, 
coadministration 
with oral 
poliovirus, may 
contribute to 
decreased 
vaccine 
effectiveness in 
developing 
world.

• Breast-feeding 
not shown to be 
a factor linked 
with lower 
vaccine uptake.

• Vaccine 
schedules with 
additional 
dosing 
underway to 
determine if 
boosting 
improves 

[54–70]
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Concern Issue Major findings Reference

vaccine 
effectiveness.

Emergence of strains 
escaping vaccine 
immunity

• RV1/RV5 show 
similar 
effectiveness to 
heterotypic/
homotypic 
strains.

• No sustained 
dominance of 
any strain since 
vaccine 
introduction.

• Further 
surveillance is 
warranted.

[74–81]

Financing • Some developed 
countries cite 
low burden and 
high cost as 
barrier to 
universal 
introduction.

• GAVI 
subsidizes 
eligible 
countries, 37 to 
date have 
introduced 
rotavirus 
vaccine.

• As countries 
transition out of 
GAVI 
assistance, 
evaluation of 
sustainability of 
vaccine 
programs 
needed.

[84–87], http://venice.cineca.org/Venice2_WP3_Report_December2010.pdf

AGE, acute gastroenteritis; FDA, US Food and Drug Administration; GAVI, Global Alliance for Vaccines and Immunization; NICU, neonatal 
intensive care unit; PCV, porcine circovirus; RV, rotavirus; WHO, World Health Organization
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