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ABSTRACT

As of January 2016, 80 countries have introduced rotavirus vaccines into their national immunization programs.
Many have documented significant declines in rotavirus-specific and all-cause diarrheal illnesses following
vaccine introduction. Two globally licensed rotavirus vaccines have been associated with a low risk of
intussusception in several studies. In July 2014, the Rotavirus Organization of Technical Allies Council convened a
meeting of research and advocacy organizations, public health experts, funders, and vaccine manufacturers to
discuss post-marketing intussusception surveillance and rotavirus vaccine impact data. Meeting objectives were
to evaluate updated data, identify and prioritize research gaps, discuss best practices for intussusception
monitoring in lower-income settings and risk communication, and provide insight to country-level stakeholders
on best practices for intussusception monitoring and communication. Meeting participants agreed with
statements from expert bodies that the benefits of vaccination with currently available rotavirus vaccines
outweigh the low risk of vaccination-associated intussusception. However, further research is needed to better
understand the relationship of intussusception to wild-type rotavirus and rotavirus vaccines and delineate
potential etiologies and mechanisms of intussusception. Additionally, evidence from research and post-licensure
evaluations should be presented with evidence of the benefits of vaccination to best inform policymakers
deciding on vaccine introduction or vaccination program sustainability.

ARTICLE HISTORY
Received 16 March 2016
Revised 10 May 2016
Accepted 25 May 2016

KEYWORDS

infants; intussusception;
rotavirus; rotavirus vaccine;
vaccine

Introduction

In 2009, the World Health Organization (WHO) recommended
“that rotavirus vaccine for infants should be included in all national
immunization programmes, [and] in countries where diarrheal
deaths account for > 10% of mortality among children aged
< 5 years, the introduction of the vaccine is strongly recom-
mended.”"* Two live, attenuated, oral rotavirus vaccines — Rotarix
(monovalent rotavirus vaccine [RV1], GSK Biologicals, Rixensart,
Belgium) and RotaTeq (pentavalent rotavirus vaccine [RV5],
Merck & Co. Inc., Kenilworth, NJ) — are WHO-prequalified and
currently licensed in > 100 countries. As of 1 May 2016, 81 coun-
tries, including 38 low-income countries eligible for support from
Gavi, the Vaccine Alliance, have introduced these vaccines into
their national immunization programs.”> Many of these countries
have documented significant declines in rotavirus-specific and
diarrheal illnesses following vaccine introduction.*'* In some
high- and lower middle-income countries, rotavirus vaccination
has been shown to reduce hospitalizations among children and
adults who are too old to be vaccinated, an effect known as herd
immunity."*"”

Adverse events that occur following immunization may or may
not be caused by the immunization; if a thorough investigation

determines that a causal association exists, then the risk of the
adverse event must be considered within the context of the benefits
of vaccination. In 1999, the first licensed rotavirus vaccine, Rota-
Shield [RRV-TV] (Wyeth), was withdrawn from the market in the
United States (US) due to an elevated risk for intussusception esti-
mated at 1 excess case per 10,000 vaccinated infants. Intussuscep-
tion is a rare intestinal condition that can cause bowel
obstruction.'®?° The first consequence of the RotaShield experi-
ence was the US Food and Drug Administration’s (FDA) require-
ment to perform large clinical trials prior to the licensure of the
new rotavirus vaccines (RV1 and RV5), addressing specifically
the intussusception concern with a sample size sufficient to
rule out an effect of similar magnitude to that found for Rota-
Shield.*"** Also, during pre-licensure processes, FDA
requested large post-licensure safety studies to evaluate
the potential risk of intussusception. Other regulatory authori-
ties requested similar commitments. Subsequently, WHO
advised post-introduction safety monitoring of the currently
licensed rotavirus vaccines.” Although RV1 and RV5 were not
associated with intussusception during large pre-licensure
clinical trials for each of > 60-70,000 infants, early post-
marketing surveillance indicated a small increased risk of
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intussusception, primarily shortly after the first dose of vacci-
nation, with both rotavirus vaccines in some populations, but
not others.”>°

In March 2011, PATH convened a meeting of technical experts
and public health officials to review emerging data on intussuscep-
tion related to these 2 globally available rotavirus vaccines, establish
what knowledge gaps existed, and identify future research needs.>'
Participants from this meeting recognized that, although a small
risk of intussusception had been detected in some settings follow-
ing vaccination — mostly with the first dose of both licensed rotavi-
rus vaccines (~1-6 excess cases per 100,000 vaccinated infants) —
this was lower than the risk with RRV-TV, and the documented
benefits of rotavirus vaccination were substantial and well-docu-
mented and judged by the group to outweigh the risks.”"** Future
priority activities for intussusception and rotavirus vaccines identi-
fied at this meeting were related to preparing for future vaccine
introduction in lower-income settings of Africa and Asia, address-
ing gaps in knowledge, addressing and monitoring issues related to
strict age recommendations, and developing key messages for com-
munication about intussusception (Table 1).

In April 2012, the WHO Strategic Advisory Group of Experts
on Immunization (SAGE) met to review new evidence on rotavi-
rus vaccines, including the following: age-specific burden of rota-
virus diarrhea and deaths, timeliness of vaccine administration,
vaccine safety, and effectiveness of various immunization sched-
ules.>>** As a result, the age restrictions on the first and last
doses of rotavirus vaccines were removed from the WHO-recom-
mended immunization schedule in order to reach children who
previously would not have received rotavirus vaccines due to
delayed presentation for health care. Additionally, more informa-
tion on intussusception with currently licensed rotavirus vaccines,
as well as new evidence on health benefits associated with rotavi-
rus vaccine have become available;™®'*1315:1623:25:29.303436 peyy
rotavirus vaccines have been licensed in some countries (Vietnam,
China, India), and others are in late stages of clinical testing.

Given this, the Rotavirus Organization of Technical Allies
(ROTA) Council and its Core Partners, the US Centers for Disease
Control and Prevention (CDC), Johns Hopkins Bloomberg School
of Public Health, PATH, and the Sabin Vaccine Institute, convened
the Rotavirus Vaccination & Intussusception Workshop in July
2014. This workshop was a follow-up meeting of the 2011 intussus-
ception meeting of technical and public health experts.” The objec-
tives of the meeting were to 1) review and evaluate the current
evidence on intussusception and rotavirus vaccines, including
emerging information, recent recommendations by global bodies,
and early data on vaccine products in various stages of

2 This workshop was organized by the ROTA Council and held on 23-24 July 2014
in Washington, DC. It included invited representatives from the following institu-
tions, organizations, and companies: Baylor University, Houston, TX, USA; Chris-
tian Medical College, Vellore, India; INCLEN Trust, New Delhi, India; Johns
Hopkins Bloomberg School of Public Health, Baltimore, MD, USA; Stanford Uni-
versity, Stanford, CA, USA; University of Melbourne, Melbourne, Australia; Yale
University, New Haven, CT, USA; the Centers for Disease Control and Prevention,
Atlanta, GA, USA; the Bill and Melinda Gates Foundation, Seattle, WA, USA; Gavi,
the Vaccine Alliance, Geneva, Switzerland; the National Institutes of Health,
Bethesda, MD, USA; PATH, Seattle, WA, and Washington, DC, USA; the Sabin Vac-
cine Institute, Washington, DC, USA; the World Health Organization, Geneva,
Switzerland; GlaxoSmithKline Biologicals, Rixensart, Belgium; Merck Vaccines,
West Point, PA, USA; Serum Institute of India, Pune, India; and Shantha Biotech-
nics, Hyderabad, India.
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development/licensure; 2) identify and prioritize remaining gaps in
the research; 3) achieve consensus on best practices for intussus-
ception monitoring in lower income settings — pre- and post-intro-
duction; 4) demonstrate best practices for communicating about
risk; and 5) provide insight to country-level stakeholders on
best practices for monitoring and communicating about
intussusception.

In this paper, we provide a review of evidence on rotavirus vac-
cine-associated intussusception and statements from expert bodies
regarding the benefits and risks of rotavirus vaccination and pres-
ent main discussions and recommendations that arose from the
July 2014 meeting.

Intussusception

Intussusception is a rare condition in which the intestine
folds in on itself.””** Although many cases of intussusception
self-resolve, others result in bowel obstruction that can be fatal
if not treated promptly. Treatment for intussusception includes
reduction by air, hydrostatic enema, or surgery. Intussusception
is most likely to occur naturally in infants, in the absence of
vaccination, between 4 and 10 months of age. The mean inci-
dence is ~74 cases per 100,000 infants < 1 y of age (range: 9-
328), but is variable across geographic regions, most notably
with higher rates in parts of Asia.’>** Reasons for regional
variation are not well defined, but could relate to multiple fac-
tors including genetic predisposition, circulating pathogens,
differences in feeding practices, and differences in diagnostic
practices and access to health care.*® The cause of intussuscep-
tion in the majority of infants is not known. Some infectious
agents, particularly respiratory adenoviruses and pathogens
causing bacterial enteritis (e.g., Campylobacter spp., Escherichia
coli, Salmonella spp., and Yersinia enterocolitica), have been
temporally associated with intussusception in some stud-
ies.”>*!"** Additionally, the mechanism(s) of intussusception in
children are not known, but are postulated to include lymphoid
hyperplasia causing lead points, inflammation in the intestine,
or alterations in gastrointestinal motility.*®*>*

Intussusception and rotavirus vaccines - a review of
the evidence

RRV-TV

RRV-TV (Wyeth), a 3-dose, oral tetravalent rhesus-human reas-
sortant vaccine, administered within the first year of life, was
the first rotavirus vaccine licensed and was recommended for
use in the US. During pre-licensure clinical trials, vaccine effi-
cacy was estimated to be 50-70% against rotavirus disease of
any severity and 70-90% against severe disease;"” fever, irritabil-
ity, and abdominal cramping were common among vaccine
recipients during the first 3-5 d following vaccination. These tri-
als of RRV-TV were not designed to assess a risk of intussuscep-
tion. However, there were a few intussusception reports among
vaccine recipients, and though there was not a statistically sig-
nificant risk associated with the vaccine, monitoring of this
adverse event post-licensure was recommended.'>*® Intussus-
ception was included in the vaccine package insert as a possible
adverse event, as well as in the Advisory Committee on
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Table 1. Future Priorities for Rotavirus Vaccines and Intussusception Monitoring - Recommendations from the Rotavirus Vaccination & Intussusception Workshop, July

2014.

Key messages for risk communications

e Ensure that stakeholders are aware that robust surveillance has demonstrated consistent, strong benefits of rotavirus vaccination, and that risks associ-
ated with rotavirus vaccine, including intussusception, remain very low in all post-licensure safety studies to date. Present information about baseline
risk of intussusception. Share information with all levels of decision-makers in countries considering vaccine introduction.

Vaccine introduction and sustainability in low- and middle-income countries

e |ntegrate safety monitoring for rotavirus vaccines into routine vaccine safety monitoring:

o Ensure that countries have clear risk management and communications plans for adverse events following immunization
o Conduct targeted safety monitoring while strengthening capacity for routine vaccine safety monitoring
e Ensure that, wherever possible, vaccine impact evaluations occur alongside safety monitoring to allow comprehensive assessment of potential risks

within the context of benefits:

o Leverage existing surveillance networks to increase efficiency

e Understand the regional epidemiology of intussusception to allow accurate interpretation of findings from safety monitoring within the context of com-

parable data concerning benefit:

o Establish background rates and outcomes of intussusception in select areas for each region
o Focus on low- and middle-income countries for which there are limited data
e Examine the risk of intussusception associated with vaccination in early introducer, regionally representative countries using feasible methods:

o Ensure that findings are shared broadly to inform the experiences of other countries
e Document use, benefit, and safety of rotavirus vaccines in countries that have implemented the expanded age recommendations for rotavirus vaccine

administration.
Gaps in knowledge

e Support research to increase understanding of the pathogenesis and etiology of intussusception. This would include the following areas:

o Basic science studies to understand better the pathogenesis of and triggers for idiopathic intussusception in young children
o Epidemiological studies to understand the occurrence of transient (i.e., self-resolving) and persistent idiopathic intussusception in different regions

and settings:

- Standardize case definitions and methodologies to allow pooling of data

- Share findings with all stakeholders in a timely manner

e Explore why some studies have detected an increased risk of intussusception following the first dose of vaccine and other studies have not:

o Role of co-administration of inactivated and oral polio vaccines
o Differences in immune response and shedding across populations

e Support studies to determine risk-benefit assessments for countries with higher baseline rates of intussusception.

Evaluation of new rotavirus vaccines in development

e Conduct post-marketing surveillance for intussusception in appropriate representative sites also conducting vaccine impact evaluations.
e Continue to monitor the potential association of specific vaccine strains with adverse events following immunization post-licensure.

Immunization Practices (ACIP) and American Academy of
Pediatrics (AAP) recommendations.””*® A search term for
intussusception was also created for the passive Vaccine Adverse
Event Surveillance System (VAERS). Less than one year after
introduction, rotavirus vaccination was temporarily suspended
due to 15 case reports in VAERS of intussusception among
infants who had received RRV-TV.'® A subsequent national
case-control study found an increased risk of intussusception 3
to 14 d following the first dose of RRV-TV (adjusted odds ratio,
21.7, 95% confidence interval [CI]: 9.6-48.9) and a smaller risk
(adjusted odds ratio, 3.3, 1.1-9.8 95%CI) following the second
dose."” The attributable risk was estimated as 1 excess cases of
intussusception per every 10,000 vaccinated infants.”® Following
the availability of these data, the recommendation for RRV-TV
use in the US was withdrawn by ACIP. Although many public
health experts were supportive of further evaluating RRV-TV
use in developing countries, such evaluations did not occur
because some developing countries were reluctant to test a prod-
uct that had been withdrawn from the US market. Lessons
learned from this experience included the following: 1) It is dif-
ficult to conduct a clinical trial large enough to detect such a
rare adverse event; 2) well-designed post-licensure analytical
observational studies are critical; and 3) recommendations
should be based upon risk-benefit analyses for each region.

RV1 and RV5

Large pre-licensure clinical trials of 60,000-70,000 infants each
for RV1 and RV5 in high and middle income countries demon-
strated high efficacy against severe rotavirus disease and no
association of intussusception with either vaccine.”>*° As these
large trials could not exclude a risk lower than that previously
observed for RRV-TV of intussusception within a short period
after vaccination, post-licensure surveillance studies were initi-
ated in several early vaccine introduction countries: Brazil and
Mexico (RV1 only), Australia (RV1 and RV5), and the United
States (RV1 and RV5) (Table 2).

A. Brazil and Mexico. RV1 was introduced into the national
immunization programs of Brazil in March 2006 and Mexico in
May 2007. In one study conducted at 53 hospitals in Brazil and
16 hospitals in Mexico, self-controlled case-series (SCCS) and
case-control methods were used to evaluate the risk of intussus-
ception following rotavirus vaccination.”> In Mexico, 285 chil-
dren were enrolled, and 330 were enrolled in Brazil. Among
Mexican children, a 5-fold increase in risk of intussusception
was observed in the 1-7 d after dose 1 by both the SCCS and
case-control analyses. In Brazil, no risk was observed after the
first dose of the vaccine, but a smaller, 2-fold increase in risk
was observed in the 1-7 d following dose 2. Co-administration
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Table 2. Risk-benefit of rotavirus vaccination on rotavirus hospitalizations and deaths and associated intussusception risk for one vaccinated birth cohort to age 5 years,
multiple countries. While some of these data were not discussed in the meeting, they may help to provide context around the broader issue of intussusception.

Country Vaccine Vaccine Overall attributable risk Rotavirus IS
[ref] evaluated dose(s) (excess IS cases per 100,000 vaccinated infants) outcomes averted outcomes caused
Mexico % RV1 Dose 1 only 2.0-3.7 Hospitalizations: 11,551 Hospitalizations: 41
Deaths: 663 Deaths: 2
Brazil 2 RV1 Dose 2 only 15 Hospitalizations: 69,572 Hospitalizations: 55
Deaths: 640 Deaths: 3
Australia *° RV1 Doses 1 and 2 43 Hospitalizations: 6528 Hospitalizations: 14
Deaths: Not reported Deaths: Not reported
RV5 Doses 1 and 2 7.0
us 2728 RV1 Doses 1 and 2 53 Hospitalizations: 53,444 Hospitalizations: 35-166
Dose 2 only 73 Deaths: 14 Deaths: 0.1-0.5
RV5 Dose 1 only 0.7-1.5 NA NA

IS = intussusception

with oral polio vaccine, as opposed to co-administration with
inactivated polio vaccine which occurred in Mexico, was specu-
lated to explain the absence of risk associated with the first
dose of rotavirus vaccine in Brazil since the first dose of oral
polio vaccine has been shown to decrease the immunogenicity
of the first dose of rotavirus vaccine. However, other factors,
such as feeding practices, natural risk of intussusception, and
maternal antibody levels, could have contributed as well.”> The
overall attributable risk in both settings was 1.5-2 excess cases
of intussusception per 100,000 vaccinated infants.

A separate study using SCCS methods conducted at 67 hos-
pitals in Mexico found that, of 753 episodes of intussusception
reported in 750 infants, 701 were in vaccinated infants, with a
statistically significant temporal association between intussus-
ception and RV1 during the 31 d after dose 1 (relative incidence
[RI] = 1.75, 95% CIL: 1.24-2.48);>! this effect was concentrated
in the first week (RI = 6.49, 95% CI: 4.17-10.09). The estimated
attributable risk was 3.7 excess cases of intussusception per
100,000 vaccinated infants.

B. Australia. Rotavirus vaccination was introduced into the
National Immunization Program in July 2007, with each of 8
jurisdictions (6 states and 2 major mainland territories) inde-
pendently choosing to administer RV1 or RV5 and rapid
increases in vaccination coverage was observed following intro-
duction (85%).>* An initial post-marketing surveillance study
with a reporting period of 1 July 2007 to 31 December 2008
suggested an increased risk of intussusception in the dose 1
post-vaccination risk window.>® In response to this signal, the
Australian Therapeutic Goods Administration commissioned a
national study to evaluate the risk of intussusception following
rotavirus vaccination and to compare the vaccine-attributable
risk of intussusception with the estimated reduction in gastro-
enteritis hospitalizations following vaccine introduction. Con-
firmed cases of intussusception in infants 1 to <12 months
were identified from national hospitalization databases, supple-
mented by active hospital-based surveillance from July 2007 to
June 2010. SCCS and case-control methods were used to assess
risk of intussusception associated with both vaccines in pre-
specified periods post-vaccination. Based on 306 confirmed
cases of intussusception, the relative incidence of intussuscep-
tion in the 1-7 day period following dose 1 was 6.8 (95% CI:
2.4 to 19.0) for RV1, and 9.9 (95% CI 3.7 to 26.4) for RV5.>
There was a smaller increased risk 1-7 d following dose 2 of
each vaccine. The relative incidence of intussusception for RV1

was 2.84 (95%CI: 1.10 to 7.34) and 2.81 (95%CI: 1.16 to 6.80)
for RV5.>> The case-control analysis gave similar results. The
overall attributable risk for both vaccines was 5.6 excess cases
of intussusception per 100,000 infants vaccinated.’?

C. United States. Universal rotavirus vaccination was again
recommended in the United States in 2006, first with RV5,
licensed in 2006, then with either RV5 or RVI, licensed in
2008.> Initial analyses of VAERS data, which evaluated passive
reporting for February 2006 through September 2007 identified
160 reports of intussusception following RV5 vaccination.™
Although comparison of reporting rates with baseline intussus-
ception rates showed no increased risk during the 21-day
period following vaccination, the clustering of cases during the
first week following vaccination was noted and further moni-
toring was recommended. Additional early post-licensure stud-
ies of RV5 evaluated data from the Vaccine Safety Datalink
(VSD). The VSD project is a collaboration between CDC and
several integrated health care organizations for which weekly
updates of electronic data regarding vaccinations and health
care utilization from hospitals, emergency departments, and
outpatient clinics are used to conduct real-time surveillance of
adverse events following vaccination.”” An analysis of data
from children aged 4 to 48 weeks enrolled in the VSD who
received RV5 between May 2006 and May 2008 did not identify
an elevation in risk for intussusception through 30 d after RV5
vaccination.” A subsequent VSD cohort study of children aged
4 to 34 weeks who received RV5 between May 2006 and Febru-
ary 2010 also did not identify an elevation in intussusception
risk during 1- to 7-day and 1- to 30-day risk windows
following RV5 vaccination.”” One other study evaluating data
from a large research database of health insurance reimburse-
ment claims also did not identify an elevated risk for
intussusception.’®”’

More recent studies evaluating VAERS and VSD data have
identified a low elevated risk of intussusception following vacci-
nation with either RV1 or RV5. An updated analysis using
VAERS data for February 2006 through April 2012 identified
584 and 52 reports of intussusception following RV5 and RV1
vaccination, respectively, with clustering of reported intussus-
ception events 3 to 6 d after the dose 1 of RV5 and 4 to 7 d after
dose 1 of RV1.>* Using self-controlled risk interval analysis, the
estimated excess risk of intussusception following vaccination
with dose 1 of RV5 was 0.74 cases of intussusception (95% CI:
0.24-1.71) per 100,000 vaccinated infants. A study by the VSD
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project evaluating the relative risk (RR) of intussusception
among children aged 4 to 34 weeks who had received RV1
between April 2008 and March 2013 compared the observed
rate of intussusception with the expected background rate gen-
erated from historical, pre-rotavirus vaccine introduction rates
of intussusception.”” This study identified a statistically signifi-
cant elevated risk of intussusception within 7 d following vacci-
nation with either dose (RR: 8.38) and with dose 2 (RR: 8.17) of
RV1; the statistical significance of intussusception risk follow-
ing vaccination with dose 1 (RR: 8.82) could not be calculated
due to the low number of cases.”” The increased risk for intus-
susception following vaccination with RV1 was similar when
historical and concurrent chart-confirmed studies were con-
ducted, and the estimated attributable risk was 5.34 cases per
100,000 vaccinated infants. A VSD analysis comparing
observed rates with expected rates of intussusception for chil-
dren aged 4 to 34 weeks who had received RV5 between May
2006 and March 2013 did not identify an elevated risk of intus-
susception within the 7 d following vaccination with all doses
(RR: 1.13, 95% CI: 0.49-2.22), or following vaccination with
dose 1 (RR: 2.63, 95% CI: 0.72-6.74), dose 2 (RR: 0 [0 observed
cases], 95% CI: 0-1.26), or dose 3 (1.25, 95% CI: 0.34-3.20).”

In addition to the VAERS and VSD findings, an analysis of
health insurance claims data on 1.3 million doses of RV5 and
100,000 doses of RV1 from the Post-licensure Rapid Immuni-
zation Safety Monitoring System (PRISM), part of a Food and
Drug Administration-sponsored pilot program to conduct sur-
veillance for medical product safety, identified 124 confirmed
cases of intussusception.” A self-controlled risk interval analy-
sis found an increased relative risk of intussusception of 9.1
(95% CI: 2.2-38.6) during days 1 to 7 following dose 1 of RV5,
translating to an attributable risk of 1.1 cases per 100,000 vacci-
nated infants, and a relative risk of 4.2 (95% CI: 1.1.-16) during
days 1 to 21 following dose 1 of RV5, translating to 1.5 cases
per 100,000 vaccinated infants. A secondary cohort analysis
also found an elevated risk of intussusception during days 1-21
following dose 1 of RV5 (RR: 2.6, 95% CI: 1.2-58), translating
to an attributable risk of 1.2 cases per 100,000 vaccinated
infants. While the self-controlled risk interval analysis did not
identify any elevated risk for intussusception following RV1
vaccination, the secondary cohort analysis identified a relative
risk of intussusception of 5.1 (95% CI: 1.6-16.4) following dose
2 of RV1, translating to an attributable risk of 7.3 cases per
100,000 vaccinated infants.

Global benefits of rotavirus vaccination and
statements of expert bodies on risk-benefit of
vaccination

As some countries have identified a low risk of intussusception
with both RV1 and RV5 in post-licensure evaluations, extensive
data on the benefits of vaccination have also been reviewed. A
systematic review of data from 8 countries reported a 49%-89%
decline in laboratory-confirmed rotavirus hospitalisations and
17%-55% decline in all-cause gastroenteritis hospitalisations
among children <5 y within 2 y of vaccine introduction.”® As
an unanticipated benefit, in some countries, rotavirus vaccina-
tion of young infants has also resulted in the declines in rotavi-
rus disease among children who missed vaccination and

among older children and even adults who were not vaccine-
eligible, a phenomenon known as herd immunity.'*"” Herd
immunity is likely related to reduction in community transmis-
sion of rotavirus because of vaccination. Notably, studies from
Mexico and Brazil showed a reduction in childhood deaths
from diarrhea following vaccine implementation, a key out-
come that was not evaluated in clinical trials.”>

Based on these data, key stakeholders and technical experts
at national and global levels of policymaking have reviewed the
risks of intussusception in conjunction with the demonstrated
benefits of rotavirus vaccination (Table 2). Policymakers in
Australia, Brazil, Mexico, and the United States have concluded
that the benefits of rotavirus vaccination far outweigh the risks
of intussusception and continue to recommend rotavirus vacci-
nation in their countries.****** Additionally, the Global Advi-
sory Committee on Vaccine Safety (GACVS) of WHO has
acknowledged the risk of intussusception following the current
rotavirus vaccines, but has also concluded that the risk of intus-
susception remains small in comparison to the benefits of pre-
venting severe diarrhea.®* WHO continues to recommend that
rotavirus vaccination be included in all national immunization
programs.

Age restrictions on rotavirus vaccination

As the risk-benefit of intussusception and rotavirus vaccines
continues to be monitored, a related discussion regarding age
restrictions for rotavirus vaccination has occurred. Based on
data from the RRV-TV investigations that suggested a poten-
tially higher risk of intussusception among children vaccinated
at an older age (i.e., >3 months), WHO, in its initial rotavirus
vaccine position paper endorsed by SAGE, recommended the
inclusion of age restrictions for vaccination with RV1 and RV5
—the first dose was to be given no later than 15 weeks of age,
and the last dose no later than 32 weeks.! However, in June
2009, GACVS reviewed the available data and determined the
data were insufficient to conclude whether the risk of intussus-
ception differed by age in children who were vaccinated with
RRV-TV.® Because rotavirus vaccine is administered together
with the diphtheria-tetanus-pertussis (DTP) vaccine and given
the imposed age restrictions, this would likely result in the
exclusion of a substantial number of children who present late
for vaccinations, particularly in developing countries. In devel-
oped countries, vaccination is timelier, so there would not be
substantial added value in relaxing the age restriction. An anal-
ysis was undertaken to examine the potential risk-benefit of
rotavirus vaccination without age restrictions.”® This analysis
showed that universal rotavirus vaccination in low- and low-
middle-income countries could prevent an additional 47,200
(range: 18,000-63,700) rotavirus deaths while potentially caus-
ing an additional 294 (range: 161-471) intussusception deaths
among a cohort of children <5 y of age. In April 2012, SAGE
reviewed these data and determined that removal of the age
restrictions was programmatically easier, and would result in
additional lives saved that would far outnumber the excess vac-
cine-associated intussusception cases and deaths.® This led to
the 2013 WHO recommendation for removal of upper age
restrictions for rotavirus vaccination to allow for greater vacci-
nation coverage and potentially greater impact on preventing



rotavirus-related deaths in developing countries.” WHO con-
tinues to recommend administering the first dose of rotavirus
vaccine as soon as possible after 6 weeks of age, along with
DTP1 vaccination, and recommends that countries develop a
strategy to inform health staff that the benefits of vaccination
outweigh the small potential risk of intussusception.

Post-vaccine introduction surveillance in low and
middle income countries

Several activities to assess the safety of rotavirus vaccines are
planned or are in progress; such studies are needed to conduct
risk-benefit analyses. These assessments are taking place in sev-
eral representative countries that will also evaluate the impact
and effectiveness of rotavirus vaccine to ensure that risk and
benefit data are obtained from the same settings. These studies
have been supported by organizations such as Gavi, the Vac-
cine Alliance, and the Bill & Melinda Gates Foundation. Key
evaluations to monitor rotavirus vaccines are being conducted
in Africa. Between 2009 and 2014, rotavirus vaccines were
introduced into the national immunization programs of 25
African countries — over half of which introduced a rotavirus
vaccine during 2013 and the first half of 2014. A few countries
conducted surveillance for intussusception prior to vaccine
introduction, and these surveillance studies have provided
some key insights into the epidemiology of intussusception in
Africa.””%® In 2013, an evaluation began in South Africa to
assess rotavirus vaccine safety after routine introduction in
2009. This study has recruited pediatric hospitals across the
country as part of its active intussusception surveillance net-
work. Multi-country post-marketing evaluations designed to
evaluate the association of rotavirus vaccination and intussus-
ception are also ongoing at major pediatric hospitals through-
out Africa.

Review of past priorities, remaining research
questions, and future priorities

In reviewing old and new data regarding intussusception and
rotavirus vaccination, participants of the July 2014 meeting
agreed with the statements of expert bodies that the benefits of
rotavirus vaccination continue to significantly outweigh the
risks of vaccine-associated intussusception.’**®> The partici-
pants also strongly believe that any discussion of intussuscep-
tion and rotavirus vaccines must occur alongside discussion of
the benefits of vaccination. In other words, discussion of the
risks and benefits of rotavirus vaccination, not just risks, should
always occur. The following past priorities, remaining research
questions, and future priorities are those discussed and recom-
mended by the meeting participants.

A. Past priorities: In reviewing the priorities set during the
March 2011 meeting, it was thought that a broader focus
on vaccine introduction and sustainability in low- and
middle-income countries should be taken to:
® Ensure stakeholders are aware that robust surveillance

has demonstrated consistently the benefits of rotavirus
vaccination, and that risks associated with rotavirus
vaccine, including intussusception, remain very low in
all post-licensure safety studies to date.
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 Integrate safety monitoring for rotavirus vaccines into
routine vaccine safety monitoring. However, at a time
when countries are working to establish or improve
basic routine adverse events reporting systems, the
most efficient way to achieve this is through well
designed, post-licensure evaluations using case-con-
trol or case-only methods such as self-controlled case
series methods.

— Ensure that countries have clear risk management
and communications plans for adverse events fol-
lowing immunization.

— Conduct targeted safety monitoring while strength-
ening capacity for routine vaccine safety monitoring.

e Ensure that, wherever possible, vaccine impact evalua-
tions occur alongside safety monitoring to allow com-
prehensive assessment of potential risks within the
context of benefits.

— Leverage existing surveillance networks to increase
efficiency.

e Understand the regional epidemiology of intussuscep-
tion to allow accurate interpretation of findings from
safety monitoring within the context of comparable
data concerning benefit.

— Establish background rates and outcomes of intus-
susception in select areas for each region.

—Focus on low- and middle-income countries for
which there are limited data, where the risk profile
for intussusception may differ due to lower effi-
cacy estimates compared to higher income set-
tings, as demonstrated in clinical trials.”>”*

—Examine the risk of intussusception associated
with vaccination in early-introducer, regionally
representative countries using feasible methods.

— Ensure that findings are shared broadly to inform
the experiences of other countries

Past priorities identified for addressing and monitoring
issues related to strict age recommendations have been
addressed. Therefore, it is now time to document use,
benefit, and safety of rotavirus vaccines in countries that
have implemented the expanded age recommendations
for rotavirus vaccine administration.

. Remaining research questions: Mouse models provided

the first, direct experimental proof that rotavirus can
contribute to the development of intussusception, inde-
pendent of strain type and provided evidence that viral
replication is required to induce intussusception, as live,
but not inactivated, rhesus rotavirus vaccine (RRV) sig-
nificantly enhanced intussusception rates in mice;”
although, systemic replication capacity varies between
strains and is not necessarily host range restricted.””
Based on these data, researchers predicted that any live
rotavirus vaccine could cause intussusception, but that
inactivated or subunit vaccines would not. The identifi-
cation that the second-generation rotavirus vaccines,
RV5 and RV1, have also been associated with a low-level
excess risk of intussusception in some vaccinated chil-
dren validated these predictions.

Regarding potential mechanisms of intussusception,
mouse models have demonstrated that, despite the
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induction of massive intestinal lymphoid hyperplasia
following wild-type rotavirus infection, lymphoid hyper-
plasia is not required as a lead point for rotavirus-
induced intussusception, and rotavirus infection does
not directly alter intestinal motility to induce intussus-
ception.”* More recently, a mouse model of inflamma-
tion-induced intussusception provided the first
experimental identification of a mechanism of intussus-
ception in which lipopolysaccharide (LPS)-induced
intussusception was mediated by innate immunity fac-
tors, including toll-like receptor 4 (TLR4) and phago-
cytes, and by hypo-contractility of the intestine.”” These
studies have provided useful data for further exploring
and defining mechanisms of intussusception.

Further research is also needed to increase under-
standing of the pathogenesis and etiology of intussus-
ception. Such research should include:
® Basic science studies to better understand the patho-

genesis of, and triggers for, idiopathic intussusception

in young children
¢ Epidemiological studies to understand the occurrence
of transient (ie., self-resolving) and persistent idio-
pathic intussusception in different regions and settings
— Standardize case definitions and methodologies to
allow pooling of data
—Share findings with all stakeholders in a timely
manner
e Studies that determine risk-benefit assessments for
rotavirus vaccination among countries with higher
baseline rates of intussusception
Further research is needed to understand how rotavirus
and intussusception may be related. Such research
should:
e Understand better the mechanisms of intussusception
in humans
® Assess the role of infectious agents, genetics, and
microbiome in intussusception
C. Future priorities: Clinical efficacy trials for newer oral
rotavirus vaccines continue to evaluate the potential for
intussusception, although sample sizes are ~7,000
infants, and intussusception rates similar to RV1 or RV5
will only be determined in postmarketing surveillance.
The most recent published data are from the phase III
clinical trial for the recently licensed vaccine ROTAVAC
(Bharat Biotech International, India). ROTAVAC is a 3-
dose, live, attenuated oral vaccine containing a naturally
occurring human-bovine reassortant G9P[11] strain,
also known as the 116E strain. A clinical trial including
~7,000 Indian infants demonstrated 56.4% efficacy
against severe rotavirus gastroenteritis during the first
year of life.”* ROTAVAC was not associated with any
serious adverse events, including intussusception, in the
phase III trial. Six (< 1%) cases of intussusception were
reported in the vaccine group and 2 (< 1%) were
reported in the placebo group (with a 2:1 allocation of
vaccine and placebo recipients). All events took place
after administration of dose 3. The minimum interval
between dosing and intussusception was 112 d in the
vaccine group and 36 d in the placebo group.”®

ROTAVAC has been licensed for use in India in 2014

and has been recommended for inclusion in the Univer-

sal Immunization Program of India. Post-marketing
assessment of intussusception with ROTAVAC will be
conducted.

Additional unpublished information was discussed for
several other vaccines in development, including a
bovine pentavalent rotavirus vaccine (BRV-PV, Serum
Institute of India); a bovine-human reassortant tetrava-
lent rotavirus vaccine (Shantha Biotechnics, India) that
has recently entered a phase III clinical trial; and a natu-
ral human neonatal G3P[6] strain vaccine (RV3, MCRI,
Melbourne, Australia) which is currently in phase II tri-
als in Indonesia. Limited data on intussusception exist
for these vaccines from the relatively small trials to date.

Given an urgent need for new rotavirus vaccines, it
would acceptable for vaccine manufacturers of newer
rotavirus vaccines with a similar profile to that of current
vaccines to conduct pre-licensure safety and efficacy
studies of approximately 5,000-7,000 infants, however
post-licensure studies would be required to evaluate a
rare event such as intussusception.

Since it is impractical for emerging manufacturers
to power pre-licensure studies to detect rare adverse events,
post-marketing surveillance should be established to:

e Document impact and rare adverse events, including
intussusception, associated with new rotavirus vaccines
specifically developed for use in lower income settings.
These assessments should be conducted in select sentinel
sites also conducting vaccine impact evaluations.

e Continue to monitor through analytical observational
studies the potential association of specific vaccine
strains with adverse events following immunization post-
licensure. Where regional data are available, it is not
necessary to have every country establish post-marketing
surveillance for rare events as this will not be feasible for
every country to undertake.

Summary

Expert bodies have concluded that the benefits of vaccination with
the current globally available rotavirus vaccines substantially out-
weigh the low risk of intussusception associated with vaccina-
tion.”"**> Although safety monitoring for rotavirus vaccines
should ideally be routinely implemented, current systems in lower
income settings are non-existent or insufficient, and AEFI systems
should be strengthened. Furthermore, well-designed post-licensure
evaluations should be conducted in regionally representative coun-
tries that are also conducting impact evaluations of rotavirus vacci-
nation. To better understand the relationship of intussusception to
wild-type rotavirus (and rotavirus vaccines), research is needed to
further delineate the potential etiologies and mechanisms of intus-
susception. Evidence generated from research and post-licensure
evaluations should be presented within the context of evidence of
the benefits of vaccination to best inform policymakers deciding on
vaccine introduction or sustainability of their vaccination pro-
grams. Appropriate strategies should be developed to communicate
that the benefits far outweigh the risks of intussusception based on
data available to date.
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