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Purpose and overview

This set of summaries related to rotavirus vaccine (RVV) evidence was developed as a reference by
Johns Hopkins’ International Vaccine Access Center (IVAC) to facilitate access to recent research around
rotavirus vaccine relevant to vaccine use in routine immunization programs worldwide. National
Immunization Technical Advisory Group (NITAG) members, Expanded Program on Immunization (EPI)
staff and other vaccine decision-makers are the primary audiences for these summaries.

The goal has been to put forth a series of high-level summaries of the best available data that may assist
these groups in synthesizing and locating the available evidence needed to formulate decisions
regarding introduction or optimal use of RVV in multiple settings. These briefings have been based upon
several expert analyses, as described below, which were developed and vetted by a number of
international rotavirus and vaccine experts.

The format of this document follows the structure of the SIVAC Initiative’s document, Elements to
Consider in Developing a Framework for Issuing Immunization Related Policy Recommendations. In this
overview of evidence around RVV, we have been able to include statements summarizing research in
the following areas:

«+ Section 1: Rotavirus Vaccine and Immunization Characteristics p. 4-18
«+ Section 2: Rotavirus Disease p. 19-26
¢ Section 3: RVV Economic Considerations p.27-34

The 4t section of the Elements to Consider... is dedicated to “Health Policy and Programmatic Issues”.
Given the context-specific nature of the data needed for each country to evaluate issues in this area, we
are not able to address and summarize these sections here. Some issues suggested in the SIVAC
Framework in section 3, described as Operational Considerations, are also not addressed here because
of the country-specific nature of these issues.

The final section of this document is:

«» Appendix: Elements to Consider in Developing a Framework for Issuing Immunization Related
Policy Recommendations p. 35-37

Important notes about this document

++» The Rotavirus Vaccine Briefing documents (sections 1-3) were developed in multiple stages as
follows:

a. In 2016 the Rotavirus Organization of Technical Allies (ROTA Council), co-lead by Johns
Hopkins IVAC and PATH, in technical partnership with CDC, produced a synthesis of evidence
around rotavirus vaccines aimed at low-, and middle-income countries who have not yet
introduced rotavirus vaccines. Having been developed and reviewed by crucial global
rotavirus experts, this evidence synthesis, entitled Rotavirus: common, severe, devastating,
preventable, was mined for key references and data to form the basis of the Rotavirus
NITAG Briefing documents. (The ROTA Council publication can be found here:
http://rotacouncil.org/resources/101142-004 RotaExecSummary2015 V9r2.pdf)

b. Targeted, but non-systematic, literature searches were performed to address the remaining
topics outlined in SIVAC’s Vaccine Decision-Making Framework. Much of these additional
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searches were used to inform section 3 on vaccine economics and societal considerations.

c. On May 1, 2016, the journal Clinical Infectious Disease published a supplement entitled
Health Benefits of Rotavirus Vaccination in Developing Countries. This resource allowed us to
update some references and fill in all remaining gaps possible.

«+ Evidence and data gaps for rotavirus vaccines

While the Rotavirus Vaccine Briefing documents represent a synthesis of as much information as

could be found relevant to developing nations, there were several areas where information was

unavailable to satisfactorily address the potential questions of NITAGs. In particular, these gaps
include:

e Information related to costs and financing within a given country. This type of information is
likely to be of critical importance in nations who have not yet made a decision to introduce
rotavirus vaccines but is not possible to fully assess within the scope of these briefings.

e Ingeneral, there is a dearth of information on the effectiveness of rotavirus vaccine in Asian
populations, as most low-income nations who have introduced rotavirus vaccines are in

Latin America and Africa.

e While several countries in Africa are participating in intussusception surveillance activities —
both countries currently using rotavirus vaccines and those who have not yet introduced — a
similar network is not yet fully established in the Asian region. It may be helpful for decision-
making in Asia to have a better understanding of background rates of intussusception in the
region and to understand how rotavirus vaccine in routine use may or may not affect these
rates.

e Much effort is being focused on trying to both understand the reason for lower vaccine
efficacy in resource-poor settings, and to boost this lower efficacy. Several studies are
underway investigating both questions.

R/

%+ Questions and comments may be directed to Julie Younkin — jbuss2@jhu.edu
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Section 1: Rotavirus Vaccine and Immunization Characteristics

Rotavirus Vaccine and Immunization Characteristics Summary

Two oral rotavirus vaccines (RVV), the monovalent Rotarix® and the pentavalent RotaTeq®, have been
licensed in over 100 countries and are prequalified by the World Health Organization (WHO) for procurement.
In clinical trials and in real world effectiveness studies, these vaccines have a major impact on the morbidity
and mortality of rotavirus disease globally, with a sustained response beyond the year of vaccination. In
addition, rotavirus vaccines have a substantial impact on rotavirus gastroenteritis-related healthcare
utilization. Apart from a low risk of intussusception, the current rotavirus vaccines are considered to
represent an acceptable risk-benefit profile, are considered safe and well tolerated. As of December 2016,
these RVVs have been implemented nationally in more than 80 countries, 40 of which are low-income GAVI
eligible countries.

VACCINE EFFICACY & CHARACTERISTICS

The two Rotavirus vaccines (RVVs), Rotarix® and RotaTeq® licensed for global use, shown to be safe and
effective in large-scale clinical studies and in real-world use, are both prequalified for procurement by the
WHO.! These RVVs have been licensed in >100 countries worldwide since 2006. As of December 2016,
the RVVs have been implemented in the national immunization programs of more than 80 countries,
including 40 low-income countries that are eligible for support from Gavi, the Vaccine Alliance. An
additional 7 countries have introduced sub-nationally, of which 2 are Gavi-eligible.

Rotarix® 2
GlaxoSmithKline (GSK)
Monovalent attenuated human rotavirus

RotaTeq®3
Merck & Co., Inc.
Pentavalent, human-bovine reassortant

Vaccine / Manufacturer

Formulation

strain (RV1) vaccine (RV5)
Strains Present In Vaccine G1P[8] G1, G2, G3, G4, and P[8]
Cross Strain Protection Yes, broad protection demonstrated Yes, broad protection demonstrated
Efficacy Against Severe 95.8-100% 85-96%

Rotavirus Diarrhea In

Children < 1 Year (High-Income Countries) (High-Income Countries)

Efficacy Against Severe 49-85% 51-64%
Rotavirus Diarrhea In

Children < 1 Year

Dosage

Administration Schedule

Product Presentation

Excipients

Shelf Life

(Low- And Middle-Income Countries)

At least 106 of live attenuated human G1P[8]
particles per dose

2-dose
Same schedule as DPT1 and 2
1. Liquid vaccine in oral, single-dose applicator

2. Liquid vaccine in squeezable, polyethylene
single-dose tube

3. Lyophilized vaccine, reconstituted with
CaCO3buffer, oral applicator

Sucrose, dextran 40, sorbitol, amino acids,
Dulbecco’s modified eagle medium, calcium
carbonate, xanthum gum. Calcium carbonate
buffer as diluent.

36 months

(Low- And Middle-Income Countries)

A minimum titer of approximately 2.0 to 2.8 x
106 infectious units per reassortant and not
greater than 116 x 106 infectious units per
aggregate dose

3-dose
Same schedule as DPT1, 2 and 3

Liquid vaccine in oral, squeezable tube

Sucrose, sodium citrate, sodium phosphate,
sodium hydroxide, polysorbate 80, cell culture
media, trace amounts of fetal bovine serum.

24 months
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Vaccine Vial Monitor Label? Yes No

Storage Requirements 2-82 C, not frozen; protect from light 2-82 C, not frozen; protect from light

Chart adapted from Rotavirus: common, severe, devastating, preventable, pg. 11. 4

There are three orally administered rotavirus vaccines licensed for national markets only: 5
e  ROTAVAC® manufactured by Bharat Biotech International Limited and licensed for use in India in 2014.

e Rotavin-M1® manufactured by the Center for Research and Production of Vaccines and licensed for use in
Vietnam in 2007.

e Lanzhou Lamb Rotavirus Vaccine manufactured by the Lanzhou Institute of Biological Products and licensed
for use in China in 2000.
Manufacturers in India, China, and Brazil are developing other new vaccines.

VACCINE ADMINISTRATION SCHEDULE

World Health Organization Recommended Vaccination Schedule: 6

Given that a previous vaccine product (which is no longer available) had been shown to be associated with an
increase in risk of intussusception - a condition which naturally occurs with greater frequency in older infants
(see the sections on Vaccine Safety and Intussusception below) - the WHO's initial 2009 rotavirus vaccination
recommendation was to begin rotavirus vaccination by 15 weeks of age and conclude by 32 weeks of age to
minimize any additional intussusception risk. This meant that children older than 15 weeks of age who had not
received any rotavirus vaccine would miss out on rotavirus immunization entirely.

After immunization of hundreds of millions of infants worldwide with the two currently available vaccine
products, only a very small increase in intussusception (1 to 4 additional cases per 100,000 vaccinated) has
been reported by some countries. In controlled clinical trials, neither of the available products was found to be
associated with an increase in intussusception.

A 2013 review of all available evidence led the WHO to amend their recommendation for rotavirus vaccine
administration, concluding that although early vaccine administration (initiated at or by 6 weeks and
completed by 32 weeks of age) is preferable, the benefit of relaxing the age restrictions far outweighed the risks.
Indeed, a 2012 study by the US Centers for Disease Control (CDC) estimated that relaxing the age restrictions so
that rotavirus vaccine could be administered up to 3 years of age would afford protection to many more
children during the period of early childhood with the greatest risk of severe rotavirus infections, and would
thus avert more than 47,000 rotavirus deaths worldwide while causing less than 300 additional deaths related
to intussusception. The resulting benefit is 154 rotavirus deaths averted per 1 intussusception death.”

Specifically, the current WHO recommendations for rotavirus vaccine administration is as follows:

e RV1 should be administered in a 2-dose schedule together with DTP1 and DTP2, and with an
interval of at least 4 weeks between doses

e RV5 should be administered in a 3-dose schedule together with DTP1, DTPZ and DTP3 with
an interval of at least 4 weeks between doses

e (iven that the highest burden of rotavirus gastroenteritis (RVGE) is in children under 2 years
of age, it is recommended that the course of immunization be completed before 24 months of
age wherever possible.

Note: Differences in rotavirus immunization schedules are generally due to existing routine immunization
program schedules and the logistics of delivering multiple vaccines at the same time.
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Schedules currently in use

Each country has its own immunization schedule. Both rotavirus vaccines are given orally but differ in the
number of doses in the series.

e Low-Income Countries: In general:
> RotaTeq® (RV5) is given in three doses at 6 weeks, 10 weeks, and 14 weeks of age
> Rotarix® (RV1) is given in two doses at 6 weeks and 10 weeks of age.

¢ Middle- and Upper-Income Countries
> RotaTeq® is given in three doses at 2 months, 4 months, and 6 months of age

>  Rotarix® is given in two doses at 2 months and 4 months of age.

Countries using rotavirus vaccine by product and dosing schedule currently in use (2016):

RV1 (63)

RV1 - Rotavac (1)

RV5 (18)

Gavi countries

RV1 and RV5 (8)
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Gavi countries - 240 (63)
L
B 2:0and 340 (8)

Source: IVAC’s VIEW-hub, December 2016. www.view-hub.org

CORRELATES OF PROTECTION

Research aimed at understanding the variable levels of protection conferred by the two licensed RV
vaccines in different settings is hindered by the lack of an established correlate of vaccine-induced
protection.8

e Correlates of Protection: A number of proposed mechanisms of protection against RV infection in humans
exist. In many of the efficacy studies reported to date, the induction of RV-specific serum IgA has been used as a
marker of vaccine response %22 and, in addition, type-specific neutralizing antibody titers have been reported in
some trials.” 10,18 19, 21,23

e Seroresponse rates, either the percentage of infants undergoing seroconversion (‘negative’ to ‘positive’) or
the percentage of infants with at least a threefold rise in titre, have been reported to indicate a response to the
vaccine.??

e Although homotypic protection may predominate, both vaccines also induce high levels of heterotypic
protection.?*

VACCINE REAL WORLD EFFECTIVENESS

Rotavirus vaccine effectiveness is similar to efficacy levels found in clinical trials
o Effectiveness Against Rotavirus Hospitalizations: Post licensure effectiveness data of both rotavirus
vaccines against rotavirus hospitalizations, in high and upper middle-income countries, and in lower-middle
income countries in Latin America, is similar to the efficacy demonstrated in the phase 3 clinical trials. 2547
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Estimated vaccine effectiveness by study and World Bank income group
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Vaccine Efficacy in Low-Income Countries

Unlike with injectable vaccines, live oral vaccines have different efficacy in high-income versus low-income populations.
Rotavirus vaccine efficacy ranges from 90% in high socioeconomic populations to 50% in low socioeconomic
populations.®! In addition, over 2 years, vaccine efficacy against severe rotavirus gastroenteritis appeared to be
somewhat lower in the African countries than in the Asian countries.10 11,19, 51

Several suggestions have been put forth to account for the differential efficacy across regions, including: various
immunological factors such as higher titers of transplacental and/or breast-milk antibodies; micronutrient
malnutrition; interfering gut flora (tropical enteropathy); intercurrent infections; or an altered distribution of
circulating rotavirus strains.>? 53

While naturally acquired rotavirus infections protect against subsequent infections across a range of socioeconomic
populations, a key difference is that in low socioeconomic populations, the proportion of infections that result in
symptomatic disease does not rapidly decline with each subsequent infection as occurs in high- and middle
socioeconomic populations. In the low socioeconomic populations, a similar proportion of primary or secondary
infections result in severe rotavirus disease, as do tertiary and subsequent infections.5!

Despite the lower vaccine efficacy rates in populations with low socioeconomic status, vaccines have the potential to

prevent significantly more disease given this population’s much higher prevalence of disease, severe disease and
subsequent severe infections.51 5

e Select mid- to low-income country data:
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» Nicaragua: A regimen of 3 doses of RV5 was estimated to be 58% effective against severe RVGE and
77% effective against very severe RVGE. 47

> Bolivia: the adjusted effectiveness of one dose of RV1 against hospital admission for rotavirus was 69%
with rotavirus negative controls and 77% with non-diarrhea controls. With both control groups,
protection was sustained through two years of life, with similar efficacy against hospital admission
among children under 1 year (64% and 77%) and over 1 year of age (72% and 76%). 55

> Malawi: Vaccine effectiveness for two doses of RV1 was 64% in test-negative control individuals and
63% in community controls. For children with more severe disease, vaccine effectiveness was 68% in test-
negative control individuals and 68% in community controls. Nearly 2 years after vaccine introduction,
both the proportion of the under-5 yrs. of age RVGE hospitalizations among infants and the absolute rate

of RVGE hospitalizations among infants had fallen significantly.* 5¢

DURATION OF PROTECTION

Although published randomized controlled trials (RCTs) were not adequately powered to statistically
conclude the degree to which efficacy wanes over time, effectiveness of both the monovalent rotavirus
vaccine (RV1) and pentavalent rotavirus vaccine (RV5) currently licensed, extends over the first few years
of life.13, 14, 48

e For RV5, one RCT involving 11 countries, reported efficacy against severe rotavirus gastroenteritis (RVGE) at
98%,/88% during the first and second rotavirus seasons respectively.1> An extension of this trial demonstrated a
sustained reduction in the number of hospitalizations for RVGE 3 years after vaccination.'3

> Sub-Saharan Africa: a 3 country study reported an estimated efficacy of 64.2% during the first and
19.6% in the second year after vaccination.1?

o For RV1, data from RCTs were consistent with little decrease in the efficacy against severe RVGE from season
one to the second season of follow-up:

> Latin America: from 83% to 79% 59
>  Europe: from 96% to 86% 13

> Three high- income countries in Asia: sustained efficacy of 100% during the third year of life. 4°

VACCINE INDIRECT EFFECTS

Indirect protection of children who were age-ineligible for rotavirus vaccine has been observed in some
high- and upper-middle-income countries.25

o Impact on All-Cause Diarrheal Hospitalizations: Significant public health benefit was observed with a
decrease in all-cause diarrhea hospitalizations in children 0-2 years of age following RV1 and RV5 vaccine
introductions as follows. 57

> Belgium (RV1 & RV5) 33%
Brazil (RV1) 17-48%

El Salvador (RV1) 28-37%
Mexico (RV1) 40%
Nicaragua (RV5) 40%

YV V V V

¢ Indirect Protection of the Unimmunized/Herd Immunity: Rotavirus vaccination is associated with
indirect protection of children too old to receive the vaccine and of young adults, demonstrating that the
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benefits of rotavirus vaccines extend beyond immunized infants and provide indirect protection to unvaccinated
children and adults by reducing the spread of the virus. 58

> Rotavirus hospitalizations among children 2-4 years of age who were age-ineligible to receive the
vaccine declined by 41%-80%, and all-cause diarrhea hospitalizations declined by 35%-41%. 5% 60

> Significant reductions of 8%-30% in unspecified gastroenteritis hospitalizations and 53%-71% in
RVGE hospitalizations have also been observed among older children and young adults 5-24 years of
age. 58,61

VACCINE EFFECT ON CIRCULATING ROTAVIRUS STRAINS

Risk of Post Vaccine Era RV Strain Shift: Available vaccines have been effective against the range of circulating
serotypes, however, close monitoring is needed because small differences in effectiveness against individual serotypes
may change future strain distribution. 57

In countries with long-term strain surveillance, strains show great diversity over time with no clear pattern, so the
ability to link a change in serotype distribution to the introduction of vaccines will take significant time to investigate. 57

VACCINE SAFETY INFORMATION

Adverse Events: Large-scale clinical trials for the two approved rotavirus vaccines found them to be safe
and efficacious. In a large-scale review of vaccine trial occurrence of fever, diarrhea and vomiting at several
time points, there was no difference between vaccine and placebo.?2 The most common manufacturer
reported adverse events include:

e RotaTeq: diarrhea, vomiting, irritability, otitis media, nasopharyngitis and bronchospasm. 3

e Rotarix: irritability, cough/runny nose, fever, loss of appetite and vomiting. 2

See full manufacturers prescribing information for full report of adverse events.

Intussusception: Intussusception, an acute bowel obstruction, is caused by the telescoping of one part of the bowel into
an adjacent section, resulting in obstruction and reduced blood flow. The etiology of intussusception is not well
understood and occurs naturally in infants in the absence of vaccination and is typically seen in infants 4-7 months of
age, although it can occur at any age. Untreated, it can result in bowel necrosis, perforation and can be fatal. Although
rare, in infancy the most common type of intussusception is idiopathic, and is associated with adenoviruses in up to 40%
of cases. Idiopathic intussusception occurs with international and ethnic variation in rates and incidence over time.
Minimal seasonality is noted. * 63,64

In July 2014, the Rotavirus Organization of Technical Allies (ROTA Council) convened a meeting of technical experts,
funders, advocacy organizations and other partners to discuss the available evidence around intussusception and any
rotavirus vaccines. Conclusions for the meeting were that the benefits of rotavirus vaccination outweigh any slight
increased risk of intussusception but that continued research focus on the mechanisms, causes and rates of
intussusception is needed. For more information on this meeting, informing evidence and conclusions, please see:
http: //www.tandfonline.com/doi/full/10.1080/21645515.2016.1197452

Intussusception Rates: Latest published intussusception rates as of 2013 are as follows:
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Source: Jiang, et al. Childhood Intussusception: A Literature Review PLoS One, 2013. 64

Risk for RV Vaccine Associated Intussusception: Results of a recent meta-analysis showed a small increase in the
overall relative risk of intussusception in infants, mostly during the first 7 days after administration of dose 1 and, to a
lesser extent, dose 2.78 The highest incidence of RV related intussusception occurs day 3-7 following RV vaccination and
coincides with the peak period of vaccine virus viral replication.””. 7 Several post-licensure surveillance studies have
been conducted to assess the risk of intussusception after vaccination in real-world settings.62 65-68,81-85 Select post-
licensure data are as follows:

> Mexico & Australia - a low-level risk of 1-2 excess cases per 100,000 vaccinated children mostly in the first
week after the first dose. 65-67

Brazil - no increased risk after the first dose; low risk after the second vaccine dose. 66

United States - a risk of 1-5 excess cases of intussusception per 100,000 vaccinated infants. 68 69

WHO Intussusception Recommendation: Given the significant morbidity and mortality caused by diarrheal disease
and rotavirus specifically, the WHO risk-benefit analysis concluded that the benefits of RV vaccination outweighed the
low-level risk of intussusception and reaffirmed its recommendation for use in all countries globally. 7°

Kawasaki Disease: Kawasaki disease following administration of RV vaccines has been reported in a small number of
infants. It is unclear whether the rates observed in these vaccinated infants are higher than expected in the normal
population. Until further studies are conducted to investigate a potential association, it is currently not thought to be a
related occurrence. 6% 71

SAFETY IN SPECIAL POPULATIONS

Data has been collected and recommendations have been made on vaccine use in the following special
populations/circumstances:

o HIV Infected: Rotavirus vaccines were well tolerated and elicited a satisfactory immune response without
aggravating the immunologic or HIV condition. 7273

e Breastfeeding and Pre-Term Infants: Breastfeeding and premature infants do not seem to significantly
impair the response to the RV vaccine and can be immunized at their chronological age. In one study

(gestation median 34 weeks, range 25-36) there was no increase in adverse events in the vaccinated group.
62,74
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e Blood Transfusion: Ideally vaccination should not occur within 42 days of receiving an antibody-
containing blood product. However, if the timing of a blood transfusion fell within 42 days of the final dose of
rotavirus vaccine in a series, the vaccine should be given on time nonetheless.”>

VACCINE-REASSORTANT STRAIN SHEDDING:

Rotavirus vaccine strains replicate in the intestinal tract and can be shed in stool following vaccination.
Transmission of vaccine or vaccine-reassortant strains is possible. One study estimated that such vaccine-
derived reassortant-associated disease occurs at a rate of about 1 per 140 000 vaccinated infants. 76

e After dose 1, rotavirus antigen shedding was detected by EIA in 50% to 80% (depending on the study) of
infants at approximately day 7 and 0 to 24% at approximately day 30. After dose 2, rotavirus antigen
shedding was detected in 4% to 18% of infants at approximately day 7, and 0 to 1.2% at approximately day
30.77

e The potential for transmission of vaccine virus was assessed in a clinical trial among twin pairs in the
Dominican Republic. This study showed vaccine strain transmission in 19% of the unvaccinated twins, and
seroconversion in 21% of the unvaccinated twins.”8

CONTRAINDICATIONS TO ROTAVIRUS VACCINE

Administration of Rotavirus vaccination is contraindicated in the following: 70
o Hypersensitivity to Vaccine Components: severe hypersensitivity to any of the vaccine components

e Severe Immunodeficiency: contraindicated in severe immunodeficiency including severe combined
immunodeficiency (SCID)

o History of Intussusception: There is no information on the risk of vaccinating infants who have a past
history of intussusception. These vaccines are not routinely recommended for infants with a history of
intussusception or intestinal malformations.

e Acute Gastroenteritis or Fever: in case of ongoing acute gastroenteritis or fever with moderate to
severe illness, vaccination should be postponed.
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Section 2: ROTAVIRUS DISEASE

Rotavirus Disease Summary

Diarrhea is one of the world’s leading killers of children, and rotavirus is the most common cause of
severe diarrhea. Rotavirus gastroenteritis (RVGE) is highly contagious, spreading easily from person
to person. Rotaviruses (RV) live on hands and surfaces from hours to days, respectively. In the body,
RV destroys the surface tissue of the small intestines, preventing absorption of nutrients, causing
diarrhea !. Children who do not have timely access to medical care can develop severe RVGE disease,
which can result in rapid dehydration, shock, electrolyte imbalance and death. In 2013 RV was the
cause of approximately 215,0003.4° deaths in young children and hundreds of thousands of
hospitalizations.

DISEASE BURDEN

Rotavirus (RV) is the most common cause of vaccine preventable severe and fatal diarrhea
among infants and young children estimated to have resulted in 215,000 deaths in 2013.49

e Mortality: Diarrhea is one of the leading infectious causes of death in children younger than 5
years and caused an estimated 578,000 deaths globally in 2013.4°

» Rotavirus specifically killed about 123,000 African and 80,000 Southern and Southeast
Asian children under the age of 5 in 2013—more than 336 and 220 each day respectively.#?
(See Table 1 of Tate et al 2016 for additional disease burden estimates by region. 4°)

e Morbidity: Rotavirus is ubiquitous and infects nearly every child by 3-5 years of age and is the
leading cause of severe dehydrating and fatal diarrhea in young children worldwide. Globally,
the highest rates of severe rotavirus disease occur at age 6-24 months. %+

¢ Low-Income Countries: In low-income countries, the median age of the primary rotavirus
infection is 6-9 months with 80% of first infections occurring before 1 year of age.®

e Seasonality: In high-income countries with temperate climates, a winter peak in RV seasonality
is observed. In most low-income countries in Asia and Africa, rotavirus epidemiology is
characterized by one or more periods of intense rotavirus circulation against a background of
year-round transmission.* Recent data suggest that level of country development is a stronger
predictor of seasonal intensity of RV than geography.®

e Hospitalizations: Rotavirus is responsible for 38% of all diarrhea-related hospitalizations
globally in children under 5 years of age.> 7

» The World Health Organization (WHO) Global Surveillance Network for Rotavirus reports
the proportion of children < 5 years of age hospitalized for diarrhea caused by rotavirus in
East Asia/South-East Asia/Africa as 47%/42%,/42 % respectively.8

¢ Gender Predominance: Boys appear to have increased susceptibility to rotavirus infection
compared to girls, and are more likely to be hospitalized.® The reported ratios of male
predominance in India, Nigeria, Bahrain, Malaysia and Mauritius were
1.6:1/1.8:1/1.5:1/1.6.3:1/1.6:1 respectively.10. 11, 12,46,48 - Although in some countries the
difference in gender did not reach statistical significance, a similar male gender prevalence was
reported.1z 45

» According to the WHO Scientific Advisory Group of Experts (SAGE) on Immunizations, the
number of affected males was up to 20% higher than the number of females in some
studies. It is not known whether this is due to a greater susceptibility to rotavirus exposure
in bays or a greater likelihood of parents of affected boys seeking medical care.13 14
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e Risk Factors: Biological factors that put children at risk for severe RV disease include infants
younger than 6 months who are not exclusively breastfed, infants with undernutrition, premature
birth, immunodeficiency and zinc deficiency.15 2

CLINICAL CHARACTISTICS

e Rotavirus Classification: Rotavirus, a non-enveloped RNA virus, is classified according to 2 surface
proteins - the VP7 (glycoprotein or G protein) and the VP4 (protease cleaved protein or P protein) -
which elicit the production of neutralizing antibodies. Rotavirus strains are commonly referred to by
their G protein classification.* 16

o Rotavirus Strains: Currently, 5 G-P combinations (G1P[8], G2P[4], G3P[8], G4P[8]) and G9P[8])
account for approximately 90% of all human rotavirus infections in many parts of the world; type
G1P[8] is the most prevalent combination.*

o Pathophysiology: Rotavirus primarily infects the small intestine, destroying the surface tissue and
preventing the absorption of nutrients, causing diarrhea.!

o (Clinical Course: The incubation period for rotavirus diarrhea is short, usually 1-3 days. The clinical
manifestations of infection vary and depend on whether it is the first infection or reinfection. As a result
of protection mediated primarily by transplacental transfer of maternal antibodies, children less than
or equal to 3 months of age infected with rotavirus seldom have symptomatic disease. The first infection
after 3 months of age is generally the most severe. Infection may cause watery diarrhea that ultimately
resolves itself without treatment, or it may result in severe dehydration (10-20 bowel movements per
day), electrolyte imbalance, metabolic acidosis and vomiting. Up to one-third of infected children may
have a temperature greater than 102°F (39°C). The gastrointestinal symptoms generally resolve in 3 to
7 days but may last for up to 2-3 weeks. Although in most cases, recovery is complete, fatalities do
occur, mainly in children <1 year of age.* 517, 18,19,35

o Viral Shedding: During rotavirus infection, viruses are shed for several days in high concentrations
(i.e, 102 virus particles per gram of stool during the acute illness) in the stools of infected children,
before and several days after clinical disease. Very few infectious particles (virions) are needed to cause
disease.?0. 4

e Immunocompetence: Rotavirus infection may last longer among children who are
immunocompromised because of certain congenital immunodeficiency disorders and may be detected in
the stool of these children for more than 30 days after infection.17. 21 22,23

o Treatment: No specific therapy is available for treating rotaviruses. WHO-recommended treatment
such as low-osmolarity oral rehydration solutions (ORS), zinc supplements, and treatment with
intravenous (1V) fluids, when needed, can help rehydrate children until the intestine repairs and
recovers.* 24 44

o Protective Immunity: Recovery from a first rotavirus infection usually does not lead to permanent
immunity. After a single natural infection, 38% of children are protected against any subsequent
rotavirus infection, 77% are protected against rotavirus diarrhea, and 87% are protected against
severe diarrhea.?3 Reinfection can occur at any age. This protection is mediated by humoral and
cellular components of the immune system. Following the first infection, the serological response is
directed mainly against the specific viral serotype (i.e. a homotypic response), whereas a broader,
heterotypic antibody response is elicited following 21 subsequent rotavirus infections.25

e Long-term Sequelae: For children in low-income and middle-income countries, the occurrence of
several episodes of diarrhea per year can lead to nutritional deficits. The odds of growth stunting by
age 2 years increased by 1.13 (95% CI 1.07-1.19) for every five episodes of diarrhea. Growth stunting is
indicative of a long-term nutritional deficit, which is associated with decreased cognitive function.26 27
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USE/COST OF HEALTHCARE

In addition to the morbidity and mortality imposed by rotaviral disease, treating rotavirus
carries significant cost burden for families and countries.

e Global Health Utilization:

»  Researchers found that prior to rotavirus vaccination, in 2010 there would have been 23
million outpatient cases and 3.3 million inpatient cases of RV totaling US$987 million in
treatment costs.28

» The average length of hospitalization for RVGE is 4-5 days with a range of 1 - 21 days.*>47

e Select Country-Specific Treatment Cost Burdens:

» InIndia, the total cost of a RV hospitalization can range from $32 to more than $135,
equal to up to 2 months of income for an average Indian family. Hospitalization and
outpatient visits cost India approximately $78 million and $86 million each year,
respectively.29 30

» In Bangladesh, treatment of one episode of rotavirus can amount to nearly 85% of the
average family’s monthly income.3!

» In Malaysia, rotavirus hospitalization for a child costs more than one-quarter of the
average monthly income.32 The median cost of providing inpatient care for an episode of
rotavirus gastroenteritis is estimated to be US$212.33

» In Uganda, inpatient admission for one episode of severe rotavirus diarrhea costs 10% of
the average family’s monthly income.3*

PREVENTATIVE/CONTROL MEASURES

Rotaviruses are ubiquitous, easily spread and resistant to routine methods of disinfection.

e Spread: Rotavirus is commonly spread from person-to-person. It is highly contagious and passes
easily through the fecal-oral route by way of contact with contaminated hands or objects, such as
toys and surfaces, or through tainted food or water.18 19, 36-39

e Control and Prevention: Rotaviruses are highly infectious and relatively resistant to inactivation
by chemical disinfectants and antiseptics.3* Unfortunately, interventions that prevent bacterial and
parasitic causes of diarrhea, such as improvements in hygiene, sanitation and drinking water, do not
adequately prevent the spread of rotavirus. The virus is incredibly resilient and can live on hands for
hours and surfaces for days.?*

e WHO/UNICEF Recommended Preventative Strategies: The integrated Global Action Plan
For Pneumonia and Diarrhoea (GAPPD) recommends the following diarrheal disease control
strategies:4*

» Exclusive breastfeeding for 6 months and continued breastfeeding with appropriate
complementary feeding to reduce onset and severity of diarrhoea

» Standardized guidelines for identification and treatment of diarrhoea in the community at
first-level health facilities and at referral hospitals.

» Water, sanitation and hygiene interventions.

REGIONAL/INTERNATIONAL CONSIDERATIONS

Based on efficacy, effectiveness and vaccine impact data, WHO recommends that all
National Immunization Programs (NIP) adopt rotavirus immunization into their routine
immunization schedules.
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o WHO Recommendations: WHO’s Strategic Advisory Group of Experts (SAGE) reviewed additional
data from clinical studies in Africa and Asia, as well as post-licensure data from the Americas, and
expanded their recommendation that all countries should include rotavirus vaccines in their
national immunization programs, particularly in those countries with high child mortality due to
diarrheq.40-42

»  To allow for greater vaccine coverage, in 2013 WHO recommended that there be no age
restrictions on rotavirus vaccination in high-mortality regions; co-administration is
recommended with routine childhood vaccines.*

»  About 60% of countries in sub-Saharan Africa have introduced rotavirus vaccine

¢ Global Vaccine Introduction Status: At least 80 countries have introduced rotavirus vaccines into
their NIP, and 7 countries have introduced rotavirus vaccines regionally (see map below).43

Introduced - National (84)

- Introduced - Subnational (6)

Source: Adapted from IVAC’s VIEW-hub, December 2016. www.view-hub.org
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e GAVI Country Status: Forty-one (56%) of the 73 Gavi countries have introduced rotavirus vaccine.
An additional 19 Gavi countries are planning to introduce rotavirus vaccine, five of which have
already received approval (with/without clarification) for Gavi support.*3

- Introduced - National (40)

Introduced - Subnational (1)

Not Introduced (32)
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Source: Adapted from IVAC’s VIEW-hub, December 2016. www.view-hub.org

e WHO/UNICEF GOALS: The Global Action Plan for Pneumonia and Diarrhoea (GAPPD) outlines the
following WHO/UNICEF goals of reducing the health impact of diarrheal disease by 2025:44

»  Reduce mortality from diarrhoea in children less than 5 years of age to fewer than 1 per
1000 live births.

» Reduce the incidence of severe diarrhea by 75% in children less than 5 years of age
compared to 2010 levels.

»  Reduce by 40% the global number of children less than 5 years of age who are stunted
compared with 2010 levels.
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Section 3: ROTAVIRUS VACCINE ECONOMIC CONSIDERATIONS

Rotavirus Vaccine Economic Considerations Summary

As the most common cause of severe diarrheal disease, rotavirus contributes substantially to the heavy
economic and social costs of diarrhea. Beyond the important economic burden of treatment on health
systems and families, some studies have demonstrated a lifelong negative impact of early childhood
diarrhea on cognition and school performance.

Economic evaluations of rotavirus vaccines have found them to be cost-effective across low-, middle- and
high-income countries and across a range of vaccine prices, and the use of these vaccines in low- and
lower-middle income countries stands to result in significant cost savings for health systems.

ECONOMIC IMPACT OF INTERVENTION ON IMMUNIZATION PROGRAM/HEALTH SECTOR

There are several types of economic evaluations. Cost-effectiveness analysis (CEA) is the most common
type of economic evaluation. The results of cost-effectiveness analyses are expressed as incremental
cost-effectiveness ratios (ICERs), where the costs are represented in monetary units and the health
effects or outcomes are measured as follows:1

» Life Years Gained (LYG) measures health effects in “natural units”

» Disability-adjusted Life Years (DALYs) measure a health loss; more commonly used in Low-
to Middle-Income Countries

» Quality-adjusted Life Years (QALYs) measure a health gain; are more commonly used in high-
income countries

With the objective of providing policy-makers with evidence for deciding on interventions and programs
that maximize health for the available resources in their country, the WHO-CHOICE (Choosing
Interventions that are Cost-Effective) initiative was developed. This provides country-level information
for analyses on health interventions. WHO-CHOICE uses a multiple of country per capita gross domestic
product (GDP) as an indicator of cost-effectiveness. Using GDP, the range of incremental cost
effectiveness ratio (ICER) calculation will lead to one of the following categories of cost-effectiveness: 2.3

» ICER less than the per capita GDP is considered “highly cost-effective”
» ICER less than three times the per capita GDP is considered “cost-effective”
» ICER equal to or greater than 3 times per capita GDP is “not cost-effective”

Several studies on the cost-effectiveness of rotavirus vaccination have been published.+27 These studies vary
widely in both methodologies employed and key input variables such as price of vaccine, associated delivery
costs, vaccine effectiveness, and other factors such as herd effect. Despite the heterogeneity of approaches to
estimate cost-effectiveness, the vast majority of countries modeled demonstrate a positive economic value for
the introduction of rotavirus vaccine into their respective NIPs. One such study demonstrated that in all GAVI-
eligible countries, introducing rotavirus vaccine from 2011 through 2030, would prevent 2.46 million
childhood deaths and 83 million DALYs with annual reductions of 180,000 childhood deaths a year at peak
vaccine uptake.28
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Results from select Cost-Effectiveness Studies:

Vaccine Vaccine Savings to
Country/ Vaccine / Vaccine Coverage/ Deaths Hospitalization Healthcare ICER Ref
Region Price Number | Effectiveness Averted Averted
of Doses Dose System
India 509
(select $1.25 RV5-3 (variable) (Various) 35,000 --- --- $105-298/ DALY 21
regions)
India $0.15 RV1-2 50% 73%,/63% 44,000 293,000 $20.6M Cost Savings
$1.00 $21.41/DALY 20
$7.00 $200/DALY
Thailand $7.00 RV1-2 85-90% 96% 419 46,542 $6.4M $370/DALY 19
Tanzania $8.40 RV1-2 57-70% 93% --- --- --- $112/DALY 13
Somalia” $0.15 RV1-2 40-50% 47% 908 19,758 $0.063M $5.30/DALY 10
Kenya $0.20 RV1-2 13-34% / 95% 60,935 216,454 $30M $38/DALY 14
Uganda ' 27-67% 100% 70,236 329,779 $10M $34/DALY 14
Indonesia $5.00 RV5-3 70 - 84% 94% 5450 --- $5.1M $174/QALY 18

Break-Even Analysis: Break-even analysis involves finding the value of an input variable that produces a

zero benefit level. In this case, the input variable is the price per dose of rotavirus vaccine, where the
healthcare costs saved as a result of preventing rotavirus gastroenteritis exactly offset the cost of
vaccination. This break-even price can be calculated from both the healthcare system and societal
perspectives.> These assessments can help calculate a “break-even” price that can be used as a basis for

negotiations with manufacturers or purchasing agencies. An economic evaluation of rotavirus disease and
rotavirus vaccines in developing countries found that from the healthcare system perspective, the “break-
even” prices for rotavirus vaccines would be <US$0.53 for lower-middle-income countries and <US$2.00
for upper-middle-income countries. >

VACCINE RELATED COSTS AND RESOURCE USE

Rotavirus vaccine use has been shown to be cost-effective for reducing rotavirus gastroenteritis-related
mortality and morbidity in high-, middle- and low-income countries. The amount of resources required for
implementation of new vaccines into National Immunization Programs (NIP) depends on factors such as
vaccine attributes, immunization schedules and ease of access to the intended vaccine recipient populations.
These resources vary by country and can be costly. Additional elements to consider in calculating cost for
vaccine delivery include elements such as personnel, training, transportation, cold chain, and waste.
Accurate information on the cost and financing of vaccine programs is essential for NIP planning and
management.

Multiple peer-reviewed articles on the topic of costs have been published29-31, including the following recent
references from the EPIC2 Immunization Costing project3? which discuss this issue in more detail:

*
Routine Immunization (RI) program data only

2 EPIC I is a coordinated set of immunization costing and financing studies (2012-2014) financed by the Bill & Melinda Gates Foundation
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VACCINE AVAILABILITY

UNICEF entered into two Long Term Arrangements for the supply of Rotavirus Vaccine (RVV) with two
manufacturers for 83.4 Million courses that extend through 2016. To date, no new manufacturers are expected
to enter the market with a WHO prequalified Rotavirus Vaccine prior to 2019. As of mid-2014, there was an
unbalanced demand for rotavirus vaccine available due to country selection of one product over another and
manufacturing issues. The demand for RVV was expected to exceed available supply by 2017/2018, which may
result in delays in country introductions or additional contractual awards to increase supply to meet this
demand.33.34 Countries should consult with UNICEF Supply Division for the most up-to-date information
regarding available rotavirus vaccine supply.

VACCINE PRICE/AFFORDABILITY

Support for Procurement of Rotavirus Vaccines

Low Income Countries
For all low-income Gavi-eligible countries, a $0.20/dose co-financing payment will be required. For countries
preparing for or entering the transition phase, the price per dose will depend on the country’s gross national
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income (GNI) per capita on average over the previous three years.b A diagram of Gavi’s current transition
policy illustrates the relationship between financing and country eligibility over time: 35
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Vaccine price | "Ttsea..
~~~~~~ v FU”Y
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£51,045 GNI/capita $3,045-1,580 GNI/caita 51,500 GNIfcagitn T .
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s BN vears
SR | l ’
Linear co-financing Co-financed share of Co-financing increases Country finances
amount of $0.20 per dose  vaccines increases by 15% gradually to reach full 100% of vaccines
ayear financing in five years

In August, 2016 both manufacturers currently supplying rotavirus vaccines to Gavi countries have agreed to
guarantee Gavi pricing after transition. Merck (Rotateq) and GSK (Rotarix) have each guaranteed a 10 year
price freeze to Gavi countries from the date a country assumes full self-financing, meaning that for the first 10
years after transition, the country can procure vaccine from the manufacturer at Gavi prices (see table below

for Gavi pricing) with no increase in cost. Eligibility for the price guarantee varies by vaccine and details may
be found here:

countries-transitioning-out-of-Gavi-s-financial-support/

Lower-middle- and Middle-income Countries

» For countries in the PAHO region, a Revolving Fund exists to help with vaccine purchase. Information can
be found at http://www.paho.org/immunization/toolkit/vaccine-procurement-fund.html

» UNICEF http: //www.unicef.org/supply/index 54052.html, UNICEF price data can be found at
http: //www.unicef.org/supply/index 57476.html

» Some vaccine manufacturers offer tiered pricing agreements with individual countries to providing vaccine
at affordable prices.

Select publicly available rotavirus vaccine prices
ROTAVIRUS VACCINE PRICES*

COUNTRY/REGION VACCINE* PRICE (US$S/COURSE)
Cost to Gavi Rotarix / RotaTeq USS2.13 (1.88€) / 3.56 (per dose prices)
Cost to Gavi-eligible, low- USS$0.40-0.60
Rotarix / RotaT
income countries** otarix / RotaTeq (Subsidized co-pay price)
PAHO Rotarix US$13.00
United Kingdom Rotarix USS$45 (estimated)

USS$174-209 (CDC)
US$219-235 (private market)
Table adapted from Rotavirus: common, severe, devastating, preventable, p. 28 (* as of Feb. 2016)36-40

United States of America Rotarix / RotaTeq

b Gavi’s full co-financing policy may be found at: http://www.gavi.org/about/governance/programme-policies/co-financin
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* Rotarix is recommended as a 2-dose course while RotaTeq is recommended as a 3-dose course.
** The maximum co-financing cost for Gavi countries is 100% of the Gavi price per dose ($2.13-3.56, depending on the vaccine
product selected)

SOCIO-ECONOMIC IMPACTS OF DISEASE

Data from some settings suggest that diarrheal disease has important and far-reaching consequences on
early childhood education and cognition.

» In a study of children in a Brazilian shantytown, researchers found that the greater the number of
episodes of persistent diarrhea before age two, the more delayed a child was in terms of school
readiness. Overall, each episode of diarrhea delayed a child's starting school by 0.7 months. Likewise,
6-10 years later, increasing episodes of diarrhea before age two predicted delays in age-appropriate
educational attainment.*1

» In a separate study from Brazil, children with a high incidence of diarrhea in the first two years of life
scored significantly lower on 3 out of 5 types of tests measuring cognitive function at ages 6-10
compared to children who did not suffer recurrent bouts of early childhood diarrhea.*

COSTS TO FAMILIES

See Section 2: Rotavirus Disease of this brief for a summary of studies evaluating rotavirus disease
treatment costs to individuals and families.
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\y FOR EVIDENCE-INFORMED
2 IMMUNIZATION POLICYMAKING

ELEMENTS

DEVELOPING
A FRAMEWORK

ational Immunization Technical Advisory

Groups (NITAGs) provide evidence based

recommendations for the development of
immunisation policies. These recommendations
are generated from a systematic, credible and
transparent process of selecting, reviewing and
synthesising evidence.

In generating evidence-based recommendations
NITAG begins with defining a recommendation
framework. This recommendation framework

RECOMMENDATIONS

outlines the elements on which evidence should be gathered. For each
element, specific data required is identified. NITAG will then rank this
data as critical (high priority), important (intermediate priority) or non-
critical (low priority). Structured and comprehensive reviews of evidence
are conducted for all critical and important data requirements.

The table provided lists key elements to be considered when developing
an immunization recommendation. These elements may be related
to the vaccine characteristics disease, economic or operational
considerations, or health policy and programmatic issues.



ELEMENT

SPECIFIC DATA

AND IMMUNIZATION CHARACTERISTICS

Type, consequences and frequency of short and long-term adverse
. events following vaccination

Safety
Risk groups or risk factors for adverse events
Contraindications
Type specific protection afforded
Critical determinants of the immune response associated with
Efficacy and protection
EffeCtiven@ss i

Vaccine indirect effects

i Potential negative population impact through change in age of
infection for unprotected individuals e.g. rubella or varicella vaccine
or emergence of non-vaccine serotypes

L i Lo Administration schedule and possibility of co-administration with
2 Vaccine characteristics .
== other vaccines
o
<
L]
- >
. mortality, risk groups, serotype/serogroup distribution, epidemic
Burden of disease , , ) . . .
: potential, disease occurrence over time, changes in epidemiology
i over time
Clinical characteristics ¢ Signs and symptoms of disease, severe forms of disease, long term
disease complications of disease, medical management of disease
Use and costs of health Primary/secondary/tertiary care implications, short and long term use
care of health care (e.g. treatments, hospitalization)
¢ Alternative preventive and control measures (e.g. health education,
hygiene, vector control) and their effectiveness, costs and
Alternative preventive practicality
and control measures S
i Other existing vaccines against the same disease and their
% effectiveness, costs and practicality
% S
1] Regional and Existence of regional and global recommendations
9 international
N (@] considerations Disease potential for international spread and pandemic potential




ELEMENT SPECIFIC DATA

. i Direct and indirect costs to administer the vaccine as they compare
Vaccine related costs : L ) .
: to those of other existing vaccines or other prevention or control
and resource use
: measures

Availability of fiscal space to effectively implement and sustain the

i recommendation in the programme

Prevailing prices for the vaccine in the market and price estimations
for the specific country

|
<
<
o
E
T
o
o 2 Socio-economic
2 O AN SOCIAL IMPACTE OF e
< = disease =~ TUREEHVAYAESSES oo
O
S L
(@) 9 B CONOMIC IMIPACt Lo
% 2 of intervention on
. O O immunization program T
™ w o as well as health sector Cost effectiveness ratio of vaccination program
Interaction with other : ) )
o i i Impacts of program (catch up) on safety and efficacy of other vaccines
existing intervention :
i : and other health care sectors
and control strategies ;
Feasibility Availability of the vaccine and long term supply in public and private
sector including collaborations with insurance sector
Vaccine registration National regulatory authorities requirements for licensing the vaccine
and regulations and/or its use in a different schedule as originally recommended
¢ Availability of human, technical and financial resources for distribution
tﬁ Impact on resources (including cold chain sustainability); consider additional training
- | needs of health workers
(T T — L
(L) i Availability of information systems to manage the vaccine supply
(&) chain and measure related performance metrics i.e. coverage and
E Ability to evaluate vaccine utilisation
> = Existence and reliability of surveillance system
E ,,,,,,,,,,,, e
9 . i Perception of the public and medical community about the disease
= Acceptability ; .
(o) i and the vaccine
n- 0 """""" Prmmmmm————nmnmnmyyyyyyyyyyyyyyyyyyynnnnnnnn,m,yyyn,,,n,-, oy - — n a e s
(@) i Universality, accessibility and gratuity of services for all the
E 5 Equity inhabitants in the country including vulnerable, hard to reach and
2' o) immigrant populations
. w Z i . . : Non health related effects of vaccination, ethical considerations,
g I < Social considerations R
legal implications etc.

NB: Vaccine safety data should always be selected as a component of a recommendation framework.
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