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Corrigendum
Generic protocol for monitoring impact of rotavirus vaccination on gastroenteritis
disease burden and viral strains

This corrigendum is issued to correct the question No. 45, in page 68: ''How many
days before admission did the vomiting begin? ______________''

It should read: ''How many days before admission did the diarrhea begin? _________ ''
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Preface

Two new rotavirus vaccines with good pre-licensure efficacy (85%-98% against severe
rotavirus disease) and safety profiles have been licensed for use in many countries
worldwide. As countries begin to introduce these vaccines into routine childhood
immunization programs, monitoring their performance in real world settings is a
high priority. Such monitoring will allow parents, health care providers, and decision
makers to appreciate the health benefits of vaccination in reducing the burden of severe
rotavirus disease. It will also allow assessment of the effectiveness of rotavirus vaccines
in programmatic use and the need for modifying vaccination schedules or vaccine
formulations to enhance the performance of immunization.
This generic protocol outlines a uniform approach to monitoring the impact of rotavirus
vaccines that can be modified by countries to meet their specific needs. The primary
overall objectives of this protocol include the following:
•

To determine vaccine impact (i.e., does introduction of a vaccine reduce rotavirus
disease burden).

•

To determine vaccine effectiveness (i.e. is the vaccine as effective in the field as in
clinical trials).

•

To monitor for possible changing strain patterns in vaccinated populations.

The document is divided into five sections:
•

Section 1 provides the background and justification for monitoring the impact
of rotavirus vaccines once introduced in routine immunization schedules.

•

Section 2 describes assessment of vaccine impact by monitoring disease trends,
using either existing data sources (e.g., hospital discharge data, national registration
data) or an active, gastroenteritis surveillance system.

•

Section 3 describes an approach for assessing vaccine effectiveness using a case
control methodology.

•

Section 4 describes the monitoring of the distribution of circulating rotavirus
strains.

The annexes provide sample data collection instruments that would accompany the
various projects in sections 2-4. Included in the annex section is an example of a
complete protocol for a case-control study to assess rotavirus vaccine effectiveness
(Annex 1) that would be submitted to Institutional Review Boards (IRB), with minor
site-specific modifications.
Countries may implement each of the components in sections 2-4, individually as
stand-alone protocols, or simultaneously, according to local needs and capacity.
v

vi

Acknowledgments

We would like to thank attendees of the WHO sponsored “Global Consultation
on Post-marketing surveillance of Rotavirus Vaccines” (Geneva, Switzerland,
12-13 December, 2006).
We would also like to thank the following members of the “Rotavirus Experts
External Advisory Group” who kindly reviewed and provided helpful
comments on the document: Miren Iturriza-Gomara, Radmila Mirzayeva and
Pierre Van Damme.

vii

viii

1. Introduction

Globally, rotavirus is the most common cause of severe gastroenteritis in children
<5 years of age, accounting for an estimated 2.4 million hospital admissions and
527,000 deaths each year (1, 2). Because of the tremendous global burden of
rotavirus, vaccine development and introduction has been a high priority for several
international agencies, including the World Health Organization (WHO) and the
Global Alliance for Vaccines and Immunization (GAVI) (3). In 2006, two new rotavirus
vaccines—RotaTeq® (Merck Vaccines, Whitehouse Station, NJ) and Rotarix®
(GlaxoSmithKline Biologicals, Rixensart, Belgium)—have been licensed for use in
many countries. Pre-licensure clinical trials of each of these vaccines have demonstrated
high efficacy (85-98%) against severe rotavirus disease and a good safety profile
(4, 5). These pivotal clinical trials were conducted in middle and high-income countries
and further studies are underway or being planned in low income countries of Asia
and Africa (3).
As these vaccines are introduced into immunization programs, monitoring their
impact is a high priority for several reasons (Table 1). The key question is whether the
performance of these vaccines in routine use in different settings will be similar to that
in pre-licensure trials (3, 6-8). Previous experience with other rotavirus vaccines, and
other oral vaccines (e.g., polio (OPV), cholera) suggests that many factors—such as
interference by maternal antibodies, breast-feeding, prevalent viral and bacterial gut
infections, concomitant administration of OPV, and malnutrition—might adversely
affect the performance of these vaccines among children in low income countries (9, 10).
Even in middle and high income countries, use of the vaccine in routine public health
practice will be different than the clinical trials and warrants post-marketing assessment
of the effectiveness of the vaccine. In addition, these vaccines may not protect equally
well against all rotavirus strains, and efficacy could vary in areas where prevalence of
strains is different from that in clinical trials (11-13). Furthermore, rotavirus strain
diversity evolves and/or new strains emerge through reassortment. Thus, the pressing
scientific need in the post-introduction period will be to demonstrate the impact of the
vaccine in heterogeneous settings, particularly in developing countries with the greatest
burden of rotavirus disease as well as the greatest challenges to vaccine performance.
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Table 1: Objectives and rationale for assessing
post-introduction performance of rotavirus vaccines
Objective
Demonstrate effectiveness in real world setting of
routine use

Rationale
1. Alternative immunization patterns may be
encountered, such as administration of less than
the full dose-series or delays in the immunization
schedule.
2. Efficacy may vary against novel or emerging strains
or strains not included in vaccine formulations.
3. Vaccine quality may vary. For example, cold-chain
could be compromised, thus impairing vaccine
potency, and antigenicity may vary by formulation.
4. Rotavirus vaccine trials were conducted in middle
and high-income countries and not in developing
countries with the highest burden of severe
rotavirus disease.

To establish epidemiologic patterns of rotavirus
disease after vaccine implementation

1. Age distribution of rotavirus disease could change.

Demonstrate impact on morbidity and mortality

1. Demonstrating absolute reductions in severe
childhood gastroenteritis through rotavirus
vaccination and create a demand for rotavirus
vaccines by demonstrating direct public health
benefits of vaccination

Strain surveillance

2. Allow for serotype-specific measures of vaccine
effectiveness

2. Assessment of herd immunity (i.e., reduction
in disease among non-vaccinated populations
because of indirect benefits).

3. Monitor for possible emergence of unusual rotavirus
strains that may escape protection from vaccines.
Encourage in-country and regional vaccine
introduction

1. Poor performance of previous rotavirus vaccines
and other oral vaccines (e.g., OPV, cholera) in
developing countries may hinder the acceptance of
newer rotavirus vaccines.

The primary objective of this protocol is to provide a systematic framework
for addressing these questions in countries that implement rotavirus vaccination
through a uniform, standardized approach that will allow for comparison of data
across regions. The protocol is organized into components that address various aspects
of measuring vaccine impact: monitoring rotavirus disease trends; measuring vaccine
effectiveness; and monitoring prevalence of viral strains. Section 2 addresses assessing
impact by examining trends in disease burden before and after vaccine introduction,
either through active gastroenteritis surveillance or by using existing data sources,
such as national data on gastroenteritis hospitalizations. In addition, countries may
want to conduct vaccine effectiveness studies using the case-control method described in
Section 3. Section 4 describes how countries could collaborate with regional laboratories
to conduct strain surveillance in the post-vaccine era. Countries may implement each of
the components in sections 2-4, individually as stand-alone protocols, or simultaneously,
according to local needs and capacity.
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1.1

Literature review/current state of knowledge about rotavirus disease

1.1.1 Rotavirus epidemiology and burden of disease
Rotavirus is the most common cause of severe gastroenteritis in infants and children
worldwide (1, 14, 15). Nearly every child in the world, from both developed and
developing countries will experience an infection with rotavirus by 5 years of age and
most will develop gastroenteritis (16). In poor countries, rotavirus gastroenteritis is
a major cause of childhood death and globally is responsible for 527 000 deaths per
year in children < 5 years of age (1, 2, 17, 18). In addition, rotavirus disease accounts
for an estimated 114 million episodes, 23 million outpatient clinic visits and more than
2.4 million hospitalizations globally each year. Many efforts to establish the economic
and disease burden estimates for rotavirus gastroenteritis have materialized in regions
across the world in the past decade. These data will better inform decision makers and
international donor agencies and provide the background against which disease trends
can be monitored post vaccine introduction (19-39).

1.1.2 Clinical features and immunology of rotavirus gastroenteritis
Clinical illness from rotavirus infection ranges from mild, watery diarrhea of limited
duration to severe diarrhea with vomiting and fever that may result in dehydration,
electrolyte imbalance, and death. Following an incubation period of 1-2 days, the illness
can begin abruptly and vomiting often precedes the onset of diarrhea. Up to one-third
of patients may have a temperature greater than 39° C. Gastrointestinal symptoms
generally resolve in 3-7 days, and aggressive therapy using oral or intravenous fluids
may be required to maintain good hydration (40, 41).
The immune correlates of protection from rotavirus infection and disease are not
fully understood. Both serum and mucosal antibodies may play a role in protection,
and in some epidemiologic studies serum antibodies against rotavirus antigens have
correlated with protection (16). However, vaccine trials have demonstrated conflicting
results with regard to correlation between serum antibody and protection (42-44).
The first infection with rotavirus elicits a predominantly homotypic, serum-neutralizing
antibody response to the virus, and subsequent infections elicit a broader, heterotypic
response (45-47). The role of cell-mediated immunity is less clearly understood,
but it is likely to influence recovery from infection and the level of protection against
subsequent disease (48, 49).
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1.1.3 Virology and strain prevalence
Rotavirus has an 11-segmented double-stranded RNA genome that is surrounded
by three protein shells: a core, an inner capsid, and outer capsid. A total of 6
structural (VP1-VP4, VP6, VP7) and 6 nonstructural protein(s) (NSP1-NSP6) are
encoded by the rotavirus genome with the exception of gene segment 11, which
encodes two proteins, the remaining gene segments encode a single protein. Two
structural proteins form the outer shell, VP7 (a glycoprotein—G protein) and VP4
(a protease-cleaved protein—P protein), and are the prime antigenic targets for a
neutralizing antibody response (50). Because the two gene segments that encode VP4 and
VP7 can segregate independently during genomic reassortment, a typing system consisting
of both P and G types has been developed. Characterization of the P types by traditional
methods of virus neutralization or EIAs with serotype-specific antibodies are difficult due
to lack of serotype-specific non-crossreactive antibodies. Therefore, molecular methods
have been used to define the P genotype based on sequence diversity and are designated
in brackets (e.g., P[8]), unless P serotype has been determined by neutralization.
To date, 19 G genotypes (14 serotypes) and 27 different P genotypes (14 serotypes) have
been characterized in human rotaviruses (51). Gene re-assortment could theoretically
lead to more than 100 different G and P protein combinations. However, only 5
strains are most commonly detected worldwide and include: P[8],G1; P[4],G2; P[8],
G3; P[8],G4; and P[8],G9 (11, 52). Based on different reactivity patterns with
monoclonal antibodies to the rotavirus VP6 protein in EIA tests, human rotaviruses are
classified as subgroup I and subgroup II. Of the 5 common strains circulating globally,
P[4]G2 belongs to subgroup I and the rest to subgroup II.

1.1.4 Rotavirus vaccines
The first rotavirus vaccines were based on rotavirus strains isolated from either bovine or
rhesus hosts but their development was abandoned because of variable efficacy in clinical
trials (53-60). Subsequently, multivalent animal-human reassortant rotavirus vaccines
were developed by using gene reassortment (61). In 1998, a rhesus-based tetravalent
rotavirus vaccine, RRV-TV (Rotashield®, Wyeth-Lederle Vaccines and Pediatrics)
(62) was recommended for routine immunization of US infants with 3 doses at 2, 4,
and 6 months of age (63). However, RRV-TV was withdrawn from the US market
within one year of its introduction because of its association with intussusception
(64). In 2006, two new rotavirus vaccines (Rotarix® [GlaxoSmithKline Biologicals]
and RotaTeq® [Merck and Co.]) have completed large safety and efficacy trials
(Table 2)(4, 5).
Rotarix® is a monovalent vaccine based on an attenuated human rotavirus strain of
P[8] G1 specificity and is administered orally in 2 doses. In clinical trials conducted
primarily in middle income countries of Latin America, this vaccine showed clinical
efficacy of 70-85% against any rotavirus gastroenteritis and 85-93% against severe
disease (65-67). Protection was observed against the most common circulating strains
(G1, G3, G4, G9) that share P serotype specificity with the vaccine (87.3% efficacy).
In Latin America, Rotarix® was less efficacious against P[4]G2 strains (44% efficacy)
that share neither serotype with the vaccine and belong to a different subgroup
(i.e., subgroup I) than the other common rotavirus strains which belong to subgroup II.
However, in Finland, Rotarix® did confer protection against this strain (VE = 86%) (68).
The vaccine was not associated with any major adverse events, including intussusception
(4). In follow-up studies, two doses of Rotarix® were shown to provide protection
against severe rotavirus gastroenteritis during the first two years of life (68, 69).
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RotaTeq® is a pentavalent vaccine that contains five reassortant rotaviruses
developed from human and bovine parent rotavirus strains and is administered orally
in 3 doses (70). The five reassortant rotaviruses express one of the outer capsid proteins
(G1, G2, G3, G4, or P1A[8]) from human rotavirus strains. In clinical trails conducted
primarily in the United States and Finland, three doses of RotaTeq showed an efficacy
of 74% in preventing rotavirus gastroenteritis of any severity and 98% against severe
rotavirus gastroenteritis (5). Efficacy was observed against all G1-4 and G9 serotypes,
but relatively few non-G1 rotavirus cases were reported, so estimates have wide
confidence intervals. Fully vaccinated infants have reduced rates of rotavirus-related
hospitalizations and emergency department visits for up to 2 years (71). The vaccine
was not associated with any major adverse events, including intussusception and recent
post-introduction experience after 2 years of vaccine use in the US also does not indicate
an association of the vaccine with intussusception (72).
WHO’s Strategic Advisory Group of Experts (SAGE) reviewed the results of the
safety and efficacy trials for the current rotavirus vaccines and deemed them favorable
to strongly recommended their inclusion into national immunization programs of
regions and countries where vaccine efficacy has been confirmed by clinical trials (73).
Furthermore, to avoid any increased risk of intussusception following the first dose,
it is recommended that the first dose of the rotavirus vaccine be administered before
12 weeks of age and the series to be completed by 24 (Rotarix®) and 32 (RotaTeq®)
weeks of age (73). Each of the rotavirus vaccines were tested in co-administration
with OPV in recently published trials. No evidence of decrease in the immune
response to any of the poliovirus serotypes due to simultaneous administration was
observed (74, 75). OPV appeared to diminish the serum IgA response to RIX4414
after the first dose but no difference was observed following the second dose (74).
OPV co-administration reduced serum anti-rotavirus IgA geometric mean titer response
after the third dose of RotaTeq®, although the seroresponse rate – defined by the
proportion of subjects with ≥ 3-fold increases in serum anti-rotavirus IgA titers – was
only slightly lower, but non-inferior to that in the staggered-use group (rotavirus
vaccine administered 2-4 weeks before OPV) (75).
In February 2006, RotaTeq® was recommended for routine use among U.S. infants.
A preliminary data analysis indicated that national rotavirus activity during the
2007-2008 season appeared delayed in onset by 2-4 months and diminished in
magnitude by >50%, when compared with the 15 previous seasons spanning 1991-2006.
Although nationally representative data on vaccine coverage are not currently available,
the changes in rotavirus activity appear more pronounced than might be attributed to
direct protective effects of vaccination alone (76).

WHO/IVB/08.16

5

Table 2: Comparison of RotaTeq® and Rotarix® vaccines
RotaTeq® (Merck)
General characteristics

•

Polyvalent, live oral vaccine

•

Monovalent, live oral vaccine

•

Parent strain—bovine

•

Parent strain—human

•

Final vaccine strain—
combination of five bovinehuman reassortants

•

Final vaccine strain—RIX4414
(human attenuated)

•

•

Human serotype specificity—
P1A[8], G1, G2, G3, G4

Human serotype specificity—
P1A[8],G1

•

72-74% (any rotavirus disease)

•

70-85% (any rotavirus disease)

•

98-100% (severe rotavirus
disease)

•

85-93% (severe rotavirus
disease)

Risk of intussusception
(pre-licensure)

•

None in comparison to placebo

•

None in comparison to placebo

Dosing

Three oral doses:

Two oral doses:

•

•

Clinical trial efficacy

WHO recommendation (73)
–
–

–

Storage and transport (shelf life)

6

Rotarix® (GlaxoSmithKline)

•

Dose 1: 6-12 weeks of age
Doses 2 and 3:
approximately 4-10 week
intervals
The vaccination should not
be initiated for infants aged
> 12 weeks and all 3 doses
should be given before
32 weeks of age

Refrigerated at 2-8ºC
(24 months)

WHO recommendation (73)
–
–
–

•

Dose 1: 6-12 weeks of age
Dose 2: ≥ 4 weeks later
The 1st dose should be
given no later than
12 weeks of age and the
2nd dose should be given
no later than by 24 weeks
of age

Refrigerated at 2-8ºC
(36 months)
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2. Assessing vaccine impact
by monitoring trends in
gastroenteritis and
rotavirus disease burden
One method of demonstrating vaccine impact is to monitor trends in gastroenteritis
and rotavirus disease burden and interpret the data in conjunction with vaccination
coverage rates. The advantage of monitoring disease trends is that it describes the
actual impact of public health efforts to reduce rotavirus morbidity and mortality.
Because the efficacy of rotavirus vaccines is greatest against severe rotavirus disease,
the impact of vaccination will be greatest on severe outcomes such as hospitalizations;
however impact on reduced numbers of emergency and outpatient clinic visits is also
likely to be substantial. Furthermore, because rotavirus accounts for 30%-50% of all
hospitalized acute gastroenteritis cases among young children, the impact of vaccination
might be visible even if only data on all-cause gastroenteritis hospitalization is available.
Depending on availability of data, in addition to hospitalizations, countries may
want to assess gastroenteritis visits to outpatient clinics and emergency departments.
The reduction in outcomes should be proportional to the vaccination coverage rates
in the region, and will be seen primarily in infants <1 year of age in the first year of
vaccine introduction, in those <2 years of age in the 2nd year of the program, and in
incrementally increasing age groups during successive years. Disadvantages of using
this approach would be: 1) natural year-to-year variation in rotavirus disease burden
might make it difficult to determine whether changes in disease trend are related to
implementation of the vaccine; and 2) high level of coverage would be necessary to
demonstrate a noticeable impact in rotavirus disease.
The possibility also exists that rotavirus vaccines may protect not only the age
group targeted for vaccine (direct effects) but also other age groups (indirect effects
or “herd immunity”). The contribution of indirect effects of rotavirus vaccination to
the overall vaccine impact has yet to be thoroughly examined. Recent evidence from
the United States suggests that national rotavirus disease burden since vaccination is
substantially lower than expected based on the direct protective effects in the vaccinated
population. Assessment of disease burden data by age before and after vaccination in
conjunction with vaccine uptake by age would be important for a robust assessment of
the long-term direct and indirect effects of rotavirus vaccination on disease burden.
Two general approaches would meet the objectives of monitoring disease trends in
the context of assessing vaccine impact: 1) analyzing primary data sources, such as
an active, gastroenteritis surveillance system; or 2) analyzing secondary data sources,
such as national data on gastroenteritis hospitalizations. This section of the protocol
will focus on these two data sources, their respective advantages and disadvantages,
and how countries can use these data sources to meet their unique needs and varying
levels of resources and infrastructure.

WHO/IVB/08.16
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2.1

Specific aims

•

To obtain baseline incidence and monitor trends in hospitalizations from all-cause
and rotavirus-specific gastroenteritis in children < 5 years of age, before and after
vaccine introduction.

•

To gather in-depth data that can be subsequently (or concurrently) used for
rotavirus vaccine effectiveness studies (e.g., case-control studies).

2.2

Primary data sources—an active surveillance system

Primary data sources relevant to demonstrating rotavirus vaccine impact would
involve an active surveillance system that obtains data through direct patient interview,
or daily review of hospitalization records and chart review. Regions without
secondary data sources (see section 2.3) might consider initiating an active,
hospital-based surveillance system for rotavirus by testing the stools of all or a
large sample of gastroenteritis admissions in children less than five years of age.
The WHO has previously published a generic protocol that describes how to implement
a surveillance system that would allow countries to estimate burden and monitor the
disease trends (77). Ideally, the system would be implemented prior to introduction
of a rotavirus vaccine and obtain baseline rates of rotavirus disease. Countries with
active surveillance systems could monitor vaccine impact by assessing the reduction
in rotavirus hospitalizations in a specified population, in conjunction with vaccine
coverage rates.
In addition to assessing vaccine impact, active sentinel surveillance sites also have
the advantage of being suitable locations for conducting vaccine effectiveness studies
through a case-control approach (see Section 3). In the initial pilot phase (i.e. one to
two years before vaccine introduction), sentinel sites could establish baseline estimates
of disease burden and then monitor trends in disease rates in conjunction with
vaccination coverage data to assess vaccine impact. If vaccine impact is less than expected,
then, vaccine effectiveness studies should be conducted at these sites to determine if poor
vaccine performance is the reason (see Section 3). In addition, during the early phase
of an immunization program, where vaccine coverage has not reached a sufficient level
(e.g., full-series coverage is not yet > 60-70%) to notice a measurable impact through
monitoring of disease incidence, studies to assess vaccine effectiveness might be a more
appropriate method of assessing impact. Several important points should be considered
when planning and implementing an active hospital-based surveillance system (Table 3).
Specific emphasis should be placed on establishing a uniform case definition, selecting
appropriate sentinel sites for surveillance, and systematic tracking of all suspected and
confirmed rotavirus case-patients.

8
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Table 3: Overview of an active, hospital-based surveillance system
to monitor rotavirus disease trends
•

Focusing on a hospital-based, active surveillance system is optimal for monitoring impact of vaccination on
rotavirus disease, as the primary outcome of interest is to prevent severe disease.

•

For population-based surveillance, size and age-distribution of the referral population for the hospital should be
defined at the beginning of surveillance.

•

During the hospital stay, the surveillance coordinator should collect data using a standardized data collection
form as recommended in the WHO generic rotavirus surveillance protocol (77).

•

Participating hospitals should test most admitted, acute gastroenteritis patients for the presence of rotavirus in
stools (see section 5).

•

Each site should plan to conduct strain surveillance on a subset of rotavirus-positive stool samples or should
arrange collaboration with a reference laboratory (see section 5).

2.2.1 Case definitions for rotavirus gastroenteritis
A uniform case definition is essential for conducting accurate surveillance in multiple
settings and over time in the same setting.
Suspected case-patient: child under 5 years of age who is admitted for treatment of
acute gastroenteritis to a hospital participating in the surveillance system.
Confirmed case-patient: a suspected case-patient, in whose stool the presence of
rotavirus is demonstrated using an enzyme immunoassay.

2.2.2 Selection of surveillance population and participating hospitals
Several factors should be considered in choosing the surveillance location:
1)

Choose sentinel sites where data on vaccination coverage rates are available
and where coverage is expected to reach a sufficient level (e.g. >60-70%) to
demonstrate impact through monitoring disease trends.

2)

Hospitals, with good access, that serve a large proportion of the population
would be ideal. Select hospitals that admit a minimum of 250-500 children for
gastroenteritis each year.

3)

For population-based surveillance:

4)

a)

The catchment population should be demographically well defined
(e.g., age distribution, birth and death rate), so that incidence rates can be
calculated.

b)

Population should be stable during the surveillance period, with minimal
changes in immigration and emigration.

Hospitals should have the laboratory capacity to do the following:
a)

Confirm rotavirus presence by use of rapid antigen detection methods
(e.g., enzyme immunoassay).

b)

Store specimens in a refrigerator or freezer for further testing.

c)

Keep adequate records that allow for coordination of laboratory and
epidemiological data and selection of samples for strain surveillance.

WHO/IVB/08.16
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2.2.3 Gastroenteritis hospitalization logbook and case report form
All hospitals should maintain a logbook tracking all hospitalizations of gastroenteritis
in children < 5 years of age. To maintain a high capture rate of all gastroenteritis
hospitalizations, daily surveys of hospital admissions and inpatient wards will be
necessary. The logbook should include admission date, name or unique identification
number, admission diagnosis, and location of the patient in the hospital. For all rotavirus
confirmed gastroenteritis case-patients, a case report form covering demographic,
clinical, laboratory, and vaccination history information should be completed during
the hospital stay (see Annex 4). At sites where stool testing is conducted in batches
(e.g., weekly), it may be necessary to administer the questionnaire to all gastroenteritis
cases enrolled in the surveillance program. Data can be entered into a database using
appropriate software program such as EpiInfo (available at: http://www.cdc.gov/
EpiInfo/).

2.2.4 Laboratory procedures
Laboratory procedures for stool collection, testing, and serotype testing are described
in Section 4 of the protocol (78).

2.3

Secondary data sources—hospital, outpatient, and emergency
department discharge data

Secondary data sources refer to existing data that are collected for another purpose,
such as hospital discharge data and national or regional mortality data. Readers are
referred to several examples where existing data sources could be used to establish
disease burden and trend (79-85). The major advantages of secondary data sources
include the possibility of their availability at low additional cost, wide geographic
coverage, and rapid access to baseline data. Limitations of secondary data sources
might include uncertainty about representation, time lag in availability of dataset
(e.g., years), misclassification of disease (e.g., absence of laboratory confirmation),
and incomplete or missing information. However, proper assessment of the secondary
data that includes consideration of limitations and biases could enhance usefulness of
the information, particularly for obtaining information on baseline rotavirus disease
burden, and mortality and incidence trend.
One inexpensive approach of assessing vaccine impact is to use the International
Classification of Diseases (ICD9 and ICD10) codes for gastroenteritis and monitor
trends in rotavirus and all-cause gastroenteritis disease burden, in a region with known
vaccination coverage. If vaccine effectiveness is similar to efficacy in the clinical trials,
there should be decrease in disease burden estimates proportional to vaccination
coverage rates. Several important caveats should be considered:
1)

There may be seasonal and natural secular variation in gastroenteritis and rotavirus
disease rates, independent of vaccination. Thus, ideally a minimum of 3-5 years
of data before introduction of vaccines should be analyzed to establish baseline
rates. In addition, year-round data are necessary because of seasonal variation in
rotavirus disease in many regions.

2)

Because of incomplete coding, vaccine impact will be difficult to assess using the
rotavirus-specific ICD code. Demonstrating a reduction in hospitalizations from
all-cause acute gastroenteritis discharges will be ideal.
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3)

In countries where rotavirus disease is clearly seasonal, investigators could obtain
rotavirus estimates by subtracting the number of gastroenteritis visits during
the low season from number of gastroenteritis visits during the peak season.
The difference is the residual estimate, which might provide a reliable estimate
of rotavirus disease (86). This method however assumes that incidence of other
causes of diarrhea remain stable throughout the year. Other complex regression
methods have also been used and may be employed to estimate disease burden
pre and post vaccine introduction (85).

Despite the disproportionate number of deaths in developing countries, vital registration
in these countries is fragmented, incomplete, and often non-existent. Approaches such
as the verbal autopsy could be reliable methods of monitoring rates and cause of death
in areas where vital registration is not available (87). Discussions with international
agencies (e.g., UNICEF, the World Bank, the UN Population Division, and the WHO)
may yield mortality data sources relevant to the surveillance region.
Aggregate sources of data reported to regional authorities or to international agencies
might also be appropriate for monitoring rotavirus disease trends. Many hospitals
may collect data on admissions for gastroenteritis, and these are often transmitted to
regional and national authorities. Some countries may also have a system for monitoring
deaths for various causes. These data are often incomplete and non-specific. However,
assuming that reporting patterns do not change as rotavirus vaccines are introduced,
these passively collected data may show reductions in gastroenteritis admissions in
certain age groups. For instance, assuming high vaccine coverage and good effectiveness,
5 years after introduction, the national burden of gastroenteritis mortality and morbidity
in children less than 5 years may have dropped substantially. These data may be crude
but important sources of death rates and gastroenteritis hospitalization rates in regions
with limited resources and health care infrastructure.

2.4

Data analysis and reporting

The first step in data analysis should be to characterize the reported cases of rotavirus
gastroenteritis by person, place, and time for children living in the referral population
defined at the beginning of surveillance. In general, surveillance data describing
rotavirus disease trends should be stratified by age group (0-2, 3-5, 6-8, 9-11, 12-17,
18-23, 24-59 months) and year and month of surveillance period. After the initiation
of a vaccination program, attention should focus towards monitoring disease trend to
determine vaccine impact. Of note, because only the younger children will be vaccinated
in the early phase of an immunization (e.g., year 1 and 2), monitoring disease trends
should focus on children in the younger age group. For example, disease burden should
be assessed in children <12 months of age after the first year of a vaccination program;
in children <24 months of age during the second year of a vaccination program; and in
children <36 months in year three of the vaccination program.
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The specific analysis plan should address the following issues and, when appropriate,
the results should be stratified by age, year, and/or month of surveillance period:
1)

The number of hospitalizations for gastroenteritis in children <5 years of age.

2)

The percentage of hospitalizations caused by gastroenteritis in children <5 years
of age.

3)

The percentage of gastroenteritis-associated hospitalizations caused by
rotavirus.

4)

The rates of hospitalizations associated with all-cause gastroenteritis and rotavirus
per 1000 children per year in the surveillance population and by age groups.

5)

The median and range of duration of hospital stay for all gastroenteritis
hospitalizations and for rotavirus hospitalizations.

6)

The number and rate of deaths associated with rotavirus gastroenteritis.

7)

Assessment of indirect effects by monitoring for reductions in rates of rotavirusspecific and all-cause gastroenteritis among unvaccinated age-groups before and
after vaccine introduction (e.g., adults, school-aged children during the first few
years of a vaccine program)
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3. Assessing vaccine effectiveness
using a case-control design

Monitoring secular trends in all-cause gastroenteritis- and rotavirus-associated health
outcomes to demonstrate impact of vaccination, as described in Section 2, can be
challenging because of the need for baseline data before implementation of vaccination
and difficulties in interpretation of trends because of natural year-to-year variation in
disease incidence. Furthermore, a fairly high level of vaccine coverage (>60-70%) may
need to be achieved before impact may be visible through these ecologic methods.
Therefore, in the early phases of introduction of rotavirus vaccine in a country,
particularly in locations without adequate baseline data before vaccine introduction,
the field performance of vaccine might be better assessed by conducting specialized
epidemiologic methods such as case-control studies (6-8, 88, 89). Using a case-control
method, vaccine effectiveness can be estimated by comparing frequency of vaccination
exposure among rotavirus case-patients with the background frequency in controlpatients who are free of rotavirus disease. Interpreting vaccine effectiveness data in
conjunction with vaccination coverage rates would also provide estimates of vaccine
impact on rotavirus disease burden. Advantages of the case-control design include
efficiency in terms of cost and time to conduct the study and the opportunity to address
other parameters of interest (e.g., vaccine effectiveness of less than full series of doses,
against specific rotavirus strains, duration of protection, and with concomitant OPV
administration) and also identify potential risk factors for poor vaccine performance
(e.g., breast feeding, lower socioeconomic status). Case-control studies might also be
used to assess impact of rotavirus vaccination on mortality reduction. However, these
studies can be challenging to conduct and are more suitable for select sites with the
necessary infrastructure and capacity, and thus will not be addressed in this generic
protocol.
This section of the protocol describes the case-control approach to assessing rotavirus
vaccine effectiveness against severe rotavirus gastroenteritis among children <5 years
of age. The study is ideally implemented when coverage is between 20 and 80%, as
sample size is substantially higher outside this range of coverage and could pose practical
challenges for the use of this methodology. However, logistics of a case-control study
are often complex and, ideally, planning for the study should begin at the beginning or
prior to implementation of a vaccination program. In addition, consulting researchers
with prior field experience in designing and implementing these studies will greatly
facilitate the implementation of a case-control study. In this protocol, we elaborate
on logistical details for three aspects of a case-control method for assessing vaccine
effectiveness that warrant specific attention: 1) case-identification; 2) determining an
appropriate source of control-patients; 3) and ascertainment of vaccination status.
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3.1

Specific Aims

1)

To determine the post-introduction effectiveness of a vaccine in reducing
severe illness (e.g., hospitalization, emergency room visit) from rotavirus
gastroenteritis.

2)

To identify potential risk factors for poor vaccine performance, if observed.

3)

To determine effectiveness of a partial dose series, against specific rotavirus
strains.

3.2

Study design

3.2.1 Minimizing bias
Several aspects of study design can minimize introduction of bias that cannot be adjusted
for during analysis. However, incorporation of these factors into the study design will
ultimately depend on local circumstances, resources, and feasibility.
1)

Precise case definitions will minimize judgment in the selection process of
case-patients and controls (see section 3.3.3 and 3.3.4)

2)

Verifying vaccination history through provider records or a vaccination card can
lessen recall bias. For example, verbal vaccination reports should be confirmed
with record review, if possible. Children whose vaccination status cannot be
determined should be included in the study and a sensitivity analysis of vaccine
effectiveness should be conducted using both assumptions that the children were
and were not vaccinated.

3)

Blinding data gatherers to the study hypothesis can minimize information
bias.

4)

Efforts to determine vaccine status should be similar in case-patients and
controls.

5)

When choosing the source of case-patients and controls, ensure that known
factors that may act as confounders of the association between vaccination and
rotavirus illness (e.g., age, socioeconomic factors, and access to medical care) are
well balanced between case-patients and controls or appropriate data are collected
which would allow for adjustment in the analysis (see section 3.3.2).

In an effort to assess whether the observed vaccine effectiveness study results are biased,
investigators may choose to conduct a “bias-indicator” study simultaneously with the
primary case-control study (i.e., study described below to assess vaccine effectiveness
against severe rotavirus disease) (90). In a bias-indicator study, the case-patient would
be hospitalized children with non-rotavirus gastroenteritis, but all other aspects of
the study design and analysis would remain similar to the primary case-control study.
Ideally, these case-patients would be children that have another confirmed cause of
gastroenteritis (e.g., bacterial) and a negative rotavirus test. An absence of vaccine
protection in the bias-indicator study would suggest an absence of bias in the primary
case-control study. However, in the rotavirus vaccine trials, overall reduction in
all-cause gastroenteritis was greater than the proportion attributed to rotavirus, which
suggests that partial protection might even be noted in the bias-indicator study either
as a result of cross-protection or false-negative rotavirus test results.
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3.2.2 Matching
Selecting controls to be similar to case-patients in certain aspects is termed ‘matching’
and is often used in case-control studies. The purpose of matching is to efficiently
diminish the confounding effects of factors, particularly those that are difficult to adjust
in the analysis or factors that can be more efficiently addressed during the study design.
Socio-demographic factors and age are two variables relevant to rotavirus vaccine
effectiveness study that warrant further consideration.
1)

Socio-demographic factors may vary between cases and controls. These can be
independently associated with being admitted to a hospital with severe rotavirus
disease and vaccination status, thus potentially introducing a confounding
bias. Socio-demographic factors are often difficult to measure and thus may
be challenging to assess during analysis. Selecting controls from the same
neighborhood or acutely ill patients from the same study site (e.g., hospital) as
the case-patient would balance these confounding factors between the two groups
(see section 3.3.3 ad 3.3.4).

2)

When considering matching on age, weighing the benefits provided by matching
should be carefully weighed against the loss of flexibility in enrollment and
potential for introduction of a bias (e.g., overmatching). In the first few
years after vaccine introduction, vaccine uptake is likely to vary with time.
When considering that risk of rotavirus disease and opportunity for vaccination
also varies with age, the association between vaccination and rotavirus disease
could be confounded by age and would need attention. For these reasons,
investigators may be inclined to individually match controls to the age
(i.e., ±1 month) of the case-patient. While matching would lessen the
confounding effects of age, these effects can also be adjusted for in the analysis
without having the need to match on age. Matching on age limits flexibility in
enrollment and substantially increases the labor involved in enrolling controls.
However, matching might increase efficiency depending on the study situation.
For example, the possibility exists that the age distribution of controls may
inadequately represent the age groups to which the cases belong. A lack of a
sufficient number of controls in the age categories of the case-patients could
substantially reduce efficiency. Age-restriction of enrollment would certainly
ensure enrollment of controls that are age-eligible to receive immunization,
however, this would not remedy the situation where uptake is variable even
among children eligible to receive the vaccine. Frequency matching on age
(e.g. 3 month age-groups) could lessen the restrictions imposed by individual
matching and provide flexibility while maintaining study efficiency.
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3.2.3 Case-patients
3.2.3.1 Case-patient selection
Because the primary outcome of interest is vaccine effectiveness against severe rotavirus
disease, case-patients would be children with severe (i.e., hospitalized case-patients,
emergency room) laboratory-confirmed rotavirus gastroenteritis. However, sites may
also want to assess vaccine effectiveness against rotavirus disease of moderate severity
and thus select case-patients from outpatient clinics. Depending on the needs and
resources of the country, case-patients can be identified from two settings:
1)

Active surveillance sites: Case-patients could be identified from hospitals with
ongoing active surveillance of patients admitted with laboratory-confirmed
rotavirus gastroenteritis. To facilitate a vaccine effectiveness case-control study,
established rotavirus surveillance sites may need to modify the data collection
instrument and include a verified vaccination history of the child (see section
5) on all suspected cases of gastroenteritis (i.e., rotavirus and non-rotavirus).
Case-patient selection at these sites should be random, as this ensures that all
case-patients have the same probability of selection. Selection process will
ultimately depend on the study sample size and the number of expected rotavirus
cases. For example, if the number of rotavirus cases during the study period is
twice as large as the necessary sample size, every other case-patient could be
enrolled. Alternatively, all consecutive case-patients during a fixed study period
could be enrolled.

2)

Non-surveillance sites: Countries without ongoing active rotavirus
surveillance could conduct case-control studies at a sentinel hospital(s) with
characteristics similar to hospitals recommended for an active surveillance system
(see section 2.2.2). At these sites, case-patients would be identified through
routine clinical testing for rotavirus disease. The disadvantage of conducting
a case-control study independent of an active-surveillance system is that the
case-patient may not be randomly selected from all potential rotavirus
case-patients and this may introduce bias; that is, if the investigator cannot
ascertain the source population from which the cases arise, selecting an appropriate
control group could be challenging. However, if no substantial biases exist
in testing patterns, these cases may provide a reasonable study population.
Ideally, investigators would undertake efforts to enhance stool testing of
gastroenteritis patients for rotavirus to maximize enrollment at these sites during
the study period (see section 2.2).

In countries with known seasonal peaks in rotavirus burden, limiting enrollment of
case-patients to the peak season will help optimize study efficiency. For case-patients
meeting the inclusion criteria listed below, the family of the participant should be
interviewed using a standardized questionnaire (see Annex 4). This questionnaire
should be administered to the case-patient’s parents or guardians during the hospital
stay as part of the surveillance program. Information on signs and symptoms of illness
and treatment provided should also be extracted from the medical record, if possible.
Efforts should be made to obtain vaccination history all suspected gastroenteritis cases
upon enrollment in the surveillance program. Vaccination history should be verified
with the child’s vaccine card or medical provider record.
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3.2.3.2 Case-patient inclusion criteria
Case-patients should be eligible for the study if they meet all of the following
criteria:
1)

Age eligible for vaccination (i.e., <12 months old at end of the first year of vaccine
introduction; or <24 months old at the end of the second year of a vaccine
program; or <36 months old at the end of the third year and after of a vaccine
program etc.).

2)

Admitted to a participating sentinel site for treatment of gastroenteritis on a date
after a vaccination program was initiated in the area.

3)

Onset of gastroenteritis1 ≤ 14 days prior to admission.

4)

Stool sample that is obtained during the first 48 hours of hospitalization tests
positive for rotavirus.

3.2.3.3 Case exclusion criteria
Case-patients should be excluded if any of the following apply:
1)

Hospital admission is unrelated to gastroenteritis. (The decision regarding
whether the indication for admission was for the treatment of gastroenteritis is
at the discretion of study personnel at each site. Nosocomially acquired rotavirus
infections could be included in the study if they meet the case definition, however,
subgroup effectiveness analysis on these cases should be considered given that
severity of diarrhea could be less than children admitted with gastroenteritis).

2)

Known non-infectious or other chronic cause of patient’s symptoms.

3)

Inability to contact parent or care-taker to obtain informed consent.

3.2.4 Controls
3.2.4.1 Control selection
Control-patients are necessary to determine the background frequency of vaccination
in infants who are free of rotavirus disease. It is important to note that selection of
controls is one of the most important aspects of the case-control design, as improperly
selected controls can introduce forms of bias that cannot be controlled or adjusted for
in the analysis (8, 91, 92). For example, hypothetically if vaccination and disease are
unrelated, a false association might emerge if rotavirus case-patients have a different
frequency of exposure then the control-patients, for reasons such as different access to
immunization. In general, controls should be as similar to cases as possible, except for
the disease of interest. Adhering to a few general principles, during the planning stages
of the study, is necessary to minimize bias when selecting controls.

1

Gastroenteritis is defined as the occurrence of two or more episodes of vomiting and/or
>3 episodes of diarrhea (stools of a less formed character than usual) within a 24 hour period
that is not explained by an underlying medical condition.
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1)
2)

3)
4)

Controls should not have the outcome of interest (e.g. severe rotavirus
disease).
Controls should have a similar risk of developing disease (e.g., similar
socioeconomic status and access to immunization and healthcare services);
that is they should represent the population at risk of becoming a case.
Controls should have the same probability of being admitted to the same hospital
and being selected as a case-patient, if they developed rotavirus gastroenteritis.
Selection of the controls must be independent of their vaccination status.
Having strict enrollment criteria and a random selection process can ensure
this.

3.2.4.2 Sources of controls
In many case-control studies, the group from which cases arise may not be well known
and the challenge will be to identify controls representative of this group. As discussed,
socio-demographic factors can be independently associated with being admitted
to a hospital with severe rotavirus disease and vaccination status, thus potentially
confounding the association between vaccination and severe rotavirus disease.
Because socio-demographic factors are difficult to directly capture and assess,
matching cases and controls on hospital or neighborhood may serve as proxy markers
for controlling these potential confounders and provide less biased estimates of vaccine
effectiveness. Below we discuss three potential groups of controls to consider for
rotavirus vaccine effectiveness studies in developing countries: (1) population-based
neighborhood controls; (2) hospital-controls: infants with acute illnesses other than
gastroenteritis; and (3) hospital controls: infants with gastroenteritis who test negative
for rotavirus disease.
1)
Population-based controls: In developed regions, there are various sources
of population controls, such as birth-registries and random-digit dialing lists.
However, developing countries might not have good telephone coverage or
established birth registries. In addition, it may be impossible to determine the
source population for the case-patients (i.e., all children that would be admitted
to that hospital if they developed severe rotavirus disease), which is necessary
for selecting population-based controls. In such situations, population controls
can be selected from the same neighborhood as the case-patients.
a)
Neighborhood controls: Matching on neighborhood refers to selecting a
control from the same residential area as the case-patient. Persons from
the same neighborhood are likely to have similar access to medical care and
socioeconomic status. This provides the unique advantage of controlling
for socio-demographic factors and access to medical care, both of which
are potential confounders and may be difficult to measure quantitatively in
developing countries. The major disadvantages of neighborhood controls
are logistical (e.g., cost and inadequate physical access to the geographic
location). In addition, overmatching on vaccination status is possible
with neighborhood controls and could decrease efficiency. For instance
if infants in a given neighborhood have similar vaccination coverage and
vaccination coverage varies by neighborhood while the risk of becoming
a case at the study site is similar across neighborhoods, matching casepatients and controls by neighborhood will reduce the power of the study.
That is, overmatching will unnecessarily equate exposure (i.e., vaccinated
or unvaccinated) status in cases and controls and increase the frequency of
exposure-concordant pairs which are discarded in a matched analysis.
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2)

Hospital controls: Controls drawn from patients with conditions other than
rotavirus disease who are admitted to the same hospital or visiting a clinic
that is affiliated with the hospital may also have similar socioeconomic status,
health-care seeking behavior, and access to vaccine services. Hospital and medical
clinic controls can also be convenient and inexpensive to enroll. In addition,
the motivation to participate and quality of data from the controls is comparable
to case-patients, since they too are hospitalized. One factor to consider with
hospital-based controls is that, depending on the reason for the visit, some controls
(e.g., well-child visits) may have better access to medical care and be more likely
to be vaccinated than case-patients and also a have a lower risk for developing
severe rotavirus disease. Hospital controls with other diseases preventable by
vaccines used in the country (e.g., bacterial meningitis, measles) should also be
avoided, because they may be less likely to have received a vaccine preventing
that condition and thus also less likely to have received the rotavirus vaccine.
a)

Test-negative controls: Infants with gastroenteritis who “test negative” for
rotavirus disease might be an attractive source of controls as they are likely
to be most representative of the source population of the case-patients
and would ease the logistical challenges of enrollment because they are
identified during surveillance for rotavirus cases. A potential for error in
the vaccine effectiveness may exist and would depend on the sensitivity
and specificity of the diagnostic test employed to discern between rotavirus
cases and non-rotavirus controls (93). While this is a potential concern, the
precision of the commercially available rotavirus diagnostic EIAs makes
this theoretical concern less likely to bias vaccine effectiveness. Empirical
evidence validating this group of controls will be important for future
rotavirus vaccine effectiveness assessments.

Summary: Choosing an appropriate source of controls is crucial to having
unbiased estimates of vaccine effectiveness. Hospital controls are more feasible
to enroll than neighborhood controls. However, neighborhood controls would
be preferable if hospital controls have a different risk of developing rotavirus
disease than case-patients or factors are present that suggest they are more or
less likely to be vaccinated (e.g., have diseases which might be prevented by
other vaccines, have different socioeconomic status, or reside in very different
catchment areas)(89). If substantial doubt exists about the representativeness of
any of the available sources of control, using controls from two or more sources
(e.g., hospital and neighborhood controls) will allow comparison of estimates of
effectiveness with different control sources(94). However, multiple sources of
controls can complicate a study and if strong reasons exist to prefer one source
of control to another, then that single source of controls should be used.

3.2.4.3 Ratio of controls to case-patients
For each case-patient, 1 to 4 control-subjects could be identified. Enrolling more than
4 controls per case-patient does not increase power substantially. Increasing the number
of controls per case-patient would assure enough controls in each dose category
(e.g., 1 to 3 doses of vaccine), thus increasing the study’s power to assess partial
dose effectiveness, and maximize the precision of the odds ratio estimate. However,
increasing the number of controls assumes that it is more feasible to enroll controls than
case-patients. In situations where numbers of rotavirus case patients are large, it may
be more efficient to increase the number of rotavirus case-patients enrolled rather than
the number of controls per case-patient.
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3.2.4.4 Control enrollment
The reference date for comparison of vaccination status between cases and controls
would be the date of hospitalization of the case-patient. Since vaccination status will
be verified through medical chart or vaccination card review, recall bias will be limited.
Thus, hospital and neighborhood controls can be identified in the subsequent weeks or
months after a case patient is identified. For example, cases can be enrolled in a batch
(e.g., over a rotavirus season) and controls can be enrolled subsequent to enrollment
of all potential cases. Ideally, it should be ensured that controls did not have severe
rotavirus disease when the case-patient was admitted. Given that incidence of severe
rotavirus disease is low (~300 per 100,000 per year), the rare-disease assumption would
prevail making it unlikely that community or hospital controls had severe rotavirus
disease at the time of case admission.
1)

Neighborhood controls: After a case-patient is identified (e.g., within 1-2
weeks), the investigator should visit the case-patient’s house and interviewing
neighbors to the right and left of the case-patient’s house in a sequential manner
until an appropriate match to the case-patient is found. For logistic reasons,
the investigator may choose the first child born ± 30 days from the case-patient
date of birth. If the neighborhood is relatively large and access is reasonable,
investigators may wish to go door-to-door and make a list of approximately
ten children born ± 30 days from the case-patient date of birth. The list should
be randomized, and, proceeding from the top of the list to the bottom, the first
1-4 children (depending on the number of controls chosen in the study design)
on the list with the closest date of birth as the case-patient should be selected as
potential control-subjects. For logistical reasons, investigators may choose to
enroll neighborhood controls every 2-3 weeks.

2)

Hospital controls: After a case-patient is identified (e.g., within 1-2 weeks),
investigators would need to obtain a list of all children less than 3 years of age
that are currently hospitalized with an acute disease other than gastroenteritis.
The list should be randomized and, proceeding from the top of the list to the
bottom, the first 1-4 children on the list with the closest date of birth as the
case-patient should be selected as potential control-subjects. If the list of children
born ±30 days as the case-patient is exhausted, controls born ±60 days as the
case-patient may be selected.

3.2.4.5 Control inclusion criteria
Controls should be eligible for the study if they meet all of the following criteria
1)

[If matching by age]: Being born within ± 30 days of case-patient’s date of birth.
For settings where this is not feasible, matching by month of birth would be
adequate.

2)

From the same neighborhood or hospital as the case-patient2.

3)

Would have sought treatment at the hospital where the case-patient is admitted,
if severe gastroenteritis3 had developed.

2

Please refer to section 3.3.4.2 for details.

3

Gastroenteritis is defined as the occurrence of two or more episodes of vomiting and/or >3 episodes
of diarrhea (stools of a less formed character than usual) within a 24 hour period.
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3.2.4.6 Control exclusion criteria
Controls should be excluded if any of the following apply:
1)

Inability to contact parent or caretaker.

2)

Neighborhood controls: child living in the same house as the case-patient.

3)

Hospital-based controls: Controls with other (i.e., non-rotavirus) vaccinepreventable diseases may be less likely to have received a vaccine preventing
that condition and thus also less to have received the rotavirus vaccine.
If possible, consider excluding children with the following vaccine preventable
diseases: measles, mumps, rubella, diphtheria, pertussis, tetanus, tuberculosis,
invasive Haemophilus influenzae Type B (Hib) infections (meningitis, pneumonia,
bacteremia, septic arthritis, cellulitis, and epiglottitis), hepatitis B.

3.3

Sampling, including sample size and statistical power

Sample size calculations can be conducted based upon the point estimate of the vaccine
effectiveness for a desired power and the expected prevalence of vaccine coverage.
However, since it is often desirable to determine the estimated vaccine effectiveness
with a given narrow confidence limit, sites may want to conduct sample size calculations
based on the expected precision of the vaccine effectiveness (Table 4). The sample
size calculations would be based upon the estimated prevalence of vaccine coverage
in the community, expected vaccine effectiveness (e.g., based on clinical trials data),
desired confidence level (1-α) and limits of vaccine effectiveness (95).
1)

Data on vaccination coverage will vary by region: To estimate rotavirus vaccine
coverage, investigators should consult experts in regional vaccination programs
or the local literature to assess vaccination coverage with other vaccines
(e.g., vaccines in the EPI if rotavirus vaccine is also a part of the program in the
country) that have been introduced in the region previously. Table 4 presents
sample size required for a case-control study with conservative estimates varying
from 20 to 60% vaccination coverage.

2)

Expected vaccine effectiveness: In large pre-licensure clinical trials, the two
rotavirus vaccines each showed an effectiveness of >85% against severe rotavirus
disease. As a conservative estimate, it is likely that vaccine effectiveness against
severe rotavirus disease will be at least 70% during post-licensure application.
Table 4 presents the sample size calculations based on vaccine effectiveness
estimates of 60%, 70%, and 80%, with stipulated 95% confidence limits.

A reasonable approach for most regions would be to design a case-control study using
conservative vaccination coverage estimates not exceeding 20% and vaccine effectiveness
estimates of 70%.
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Table 4: Sample size calculations for a case-control study to assess rotavirus
vaccine effectiveness for varying vaccination coverage and expected effectiveness
for a given 95% confidence limit4
Estimated Vaccination
Coverage among
Controls (%)

Number of Case-patients for Estimated Vaccine Effectiveness (VE)
and 95% Confidence Limits (CL)
1 matched control
VE = 80%
VE = 70%
VE = 60%
(95% CL = 60% to 90%) (95% CL = 48% to 83%) (95% CL = 37% to 75%)

90

168

262

374

80

109

155

218

70

87

126

177

60

94

125

164

50

113

142

177

40

151

175

212

30

212

234

274

20

330

359

406

2 matched controls
90

101

162

243

80

77

103

148

70

66

91

167

60

79

98

126

50

99

117

143

40

132

150

175

30

196

209

235

20

302

326

354

90

79

131

203

80

77

87

126

70

60

81

110

60

75

90

113

50

98

111

131

40

131

143

161

30

191

200

220

20

300

310

339

3 matched controls

4
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Sample size calculations conducted using COMPARE2, WINPEPI, (version 1.50 is available at
http://www.brixtonhealth.com/).
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Table 5: Overview of factors relevant for a case-control study to assess vaccine
effectiveness against severe rotavirus disease.
Objective

1. To estimate vaccine effectiveness by comparing frequency of
vaccination exposure among rotavirus case-patients with the
background frequency in control-patients who are free of rotavirus
disease.

Factors to minimize bias during study
design

1. Use of a standard case definition of severe rotavirus gastroenteritis.
2. Verifying vaccine history through card or registry review to avoid
recall bias.
3. Blinding data gatherers to the study hypothesis can minimize
information bias.
4. Efforts to determine vaccine status should be similar in casepatients and controls.
5. Potential confounders (e.g., age, socioeconomic, access to medical
care) should be well balanced between cases and controls or
appropriate data should be collected to allow for adjustment in
analysis.

Matching

Purpose is to efficiently diminish confounding, particularly for nominal
factors such as socio-economic factors that are difficult to address during
analysis.
1. Neighborhood or hospital matching: matching by neighborhood or
hospital may balance these factors between the two groups.
2. Age matching: vaccination and disease rates also vary with age
(and access to vaccine may vary by time). Matching on date of birth
(as close as possible) would be beneficial but can reduce flexibility
in enrollment.

Case-patients

1. Because the primary outcome of interest is prevention of severe
disease, case-patients would be children with severe laboratoryconfirmed rotavirus gastroenteritis.

Control-patients

1. Necessary to determine background rate of vaccination in those free
of disease.
2. Should be from source that reflects vaccination rate in population
representing cases and will vary depending on case-characteristics
at study site.
3. Choices of controls may include: (a) neighborhood; (b) children at
same hospital with acute illness other than diarrhea; (c) children at
same hospital with diarrhea who test negative for rotavirus disease.

Ratio of controls to cases

1. Increasing number of controls (2 to 4 per case) will increase
precision, particularly for subgroup analyses such as partial dose
effectiveness.

Vaccine history

1. Confirm history with vaccine card or review of vaccine registry.
2. Either exclude those with unknown vaccine history or incorporate
plans to conduct a sensitivity analysis of the impact on effectiveness
from assumptions that children with unknown history were and were
not vaccinated.
3. If substantial number of records are missing, case-control method
may not be optimal.

Sample size

1. Would depend on estimated vaccine effectiveness and expected
prevalence of vaccination in the control population.
2. Should be based on the precision of the vaccine effectiveness.
3. Would need to be increased if interested in sub-group analyses
(e.g., partial dose and strain-specific protection).
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3.4

Data collection

After obtaining informed consent from the parents or guardians (Annex 7), data should
be collected on paper case report forms by the study coordinators (Annexes 2-4).
Data collection forms should contain unique study identifiers, not names,
for identification of patients. Unique identifiers can contain the protocol number
and a randomly generated number. The unique identifier number should not contain
any information that would alone permit for the identification of patients. A log that
links the unique identifier number to the patient’s name should be maintained at each
study site (Annex 6). This log should be destroyed after data analysis is finished and
all clinical and laboratory data have been successfully linked.
Data content will vary based on the objective of the surveillance system and
the intended use of the data. Initial attempts should focus on determining whether
post-licensure vaccine effectiveness approximates clinical trial efficacy. A system that
collects a core set of basic variables, as recommended in the previous WHO generic
rotavirus surveillance protocol (77) is adequate for this purpose. However, if decreased
vaccine effectiveness is noted, future studies may be necessary to identify specific risk
factors that are associated with decreased effectiveness. In such scenarios, additional
in-depth data collection might be considered (Annex 3). Because vaccine efficacy may
vary by severity of rotavirus disease, it is important to obtain clinical information that
may be of use to further assess severity of the case-patient. Severity of rotavirus diarrhea
could then be graded on a numerical scale such as the 20-point Vesikari scale that has
been applied in previous rotavirus vaccine trials (Table 6) (96). Proxy markers of severity
such as treatment with intravenous fluids, admission, and duration of stay should be
gathered, however, depending on variations in treatment practices, these data may not
provide sufficient data to compare severity of rotavirus disease across sites.
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Table 6: The Vesikari severity scoring scale for
evaluation of gastroenteritis in children
Symptom information
Duration of diarrhea (days)
1-4
5
>=6

1
2
3

Maximum number of diarrhea episodes per 24 hours
1-3
4-5
>=6

1
2
3

Duration of vomiting (days)
1
2
>=3

1
2
3

Maximum number of vomiting episodes per 24 hours
1
2-4
>=5

1
2
3

Temperature (ºCelcius)
<37.0
37.1-38.4
38.5-38.9
>=39

3.5

Point value

0
1
2
3

Dehydration
1-5%
>=6%

2
3

Treatment
Rehydration
Hospitalization

1
2

Data entry and storage

Data can be entered, managed, and analyzed using Epi Info (current version is available
at http://www.cdc.gov/EpiInfo/). Other standard software (e.g., SPSS, SAS 9.2.) can
be used for data analysis.
Paper case-patient report forms should be stored in secure, locked cabinets to
which only study investigators have access. All reviewed, completed case-patient report
forms should be transported to a central data processing center and stored in a secure,
locked cabinet.
At the central data processing center, all data can be entered into an electronic database.
After data entry, electronic data should be made available immediately to the primary
investigator to permit data review and analyses.
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3.6

Data handling and analyses

As part of the data management activities, the database created for this investigation
should undergo a quality control process. In the analysis, the first step should be to
run univariate statistics on each of the variables collected. As part of this step, means,
standard deviations and ranges can be computed. These results would be examined to
determine if outliers or erroneous values are still present.
Depending on the complexity of the data content, consultation of a statistician with
expertise in epidemiological methodology should be considered. In general, analysis
of data generated from a case-control study to assess vaccine effectiveness involves the
following considerations.

Primary analyses
1)

Matched data in case-control studies require matched analysis.

2)

Calculate the odds of vaccination in case-patients with rotavirus gastroenteritis
versus controls (i.e., crude odds ratio). Mantel-Haenszel statistics can be computed
to determine if the odds ratio is statistically significant.

3)

Calculate the vaccine effectiveness by the formula given below (see section
3.6.1)

Further analyses
1)

Calculate the odds ratio of vaccination in case-patients versus control, stratified
by potential effect modifiers of interest (e.g., concomitant OPV administration,
HIV/AIDS, malnutrition, and breastfeeding).

2)

If the univariate analysis or bivariate analysis in the preceding analysis suggests
presence of multiple potential confounders (e.g., p < 0.25) or effect modifiers,
multivariate logistic regression could be utilized to develop a hierarchically
well-formulated model identifying independent factors associated with severe
rotavirus disease.

3)

The adjusted odds ratio obtained using logistic regression modeling can be used
to calculate vaccine effectiveness.

Investigators should conduct a “per-protocol” and “intention-to-vaccinate” analysis
(90). “Per-protocol” analysis addresses the protection conferred by complete ingestion
of a full-dose series of rotavirus vaccine. This analysis is conducted by including only
case-patients and controls that completely ingest the full dose series of the vaccine.
In contrast, the intention-to-vaccinate analysis would assess the protective effect
from a decision to vaccinate (e.g., partial dose vaccination), which is often of greatest
relevance to public health programs. Intention-to-vaccinate analysis includes all
case-patients and controls in the analysis with vaccination status as defined by receipt
of at least one dose, as documented by a vaccination card or registry, regardless of the
volume or future doses of vaccine successfully ingested. Finally, a sensitivity analysis
of vaccine effectiveness should be conducted by including children whose vaccination
status could not be determined in the analysis with assumptions that these children
were and were not vaccinated.
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3.61 Assessing vaccine effectiveness
Vaccine effectiveness would be calculated using the formula: Vaccine Efficacy =
(1-Odds Ratio) X 100, where the odds ratio is the adjusted odds ratio for rotavirus
immunization rate among case-patients compared with controls.

Summary points to consider for a case-control study
The key notions of the case-control design to evaluate vaccine effectiveness that
investigators need to consider include:
•

Explicit case-patient definition with confirmatory laboratory diagnosis of
rotavirus disease is necessary.

•

Controls should be selected from a source population that the case-patients
represent and should not be significantly different with regard to risk of developing
and being hospitalized for rotavirus disease (i.e., same likelihood of being selected
as a case-patient if they developed severe rotavirus gastroenteritis).

•

Matching location (e.g., neighborhood or hospital) will ensure representativeness
of controls for the background frequency of vaccination in the source population
for the cases.

•

Careful attention should be given to determine the most efficient method for
assessing the potential confounding effects of age, either through matching or
in the analysis.

•

Increasing the control to case-patient ratio (maximum 4:1) will improve precision
of the odds ratio and the power of the study to allow for assessing the efficacy
of partial dose series and should be considered if it is substantially more feasible
to enroll controls than case-patients.

•

If possible, confirm vaccination history with provider records in both casepatients and controls, using equal effort to obtain vaccination history for both
groups.

•

In the first two years of the vaccination program, enrollment should be limited to
children < 2 years of age because the vaccine is recommended for infants during
their first year of life.
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4. Assessing impact of
vaccination on rotavirus strains

Information on the prevalence of circulating rotavirus strains is important to assess the
likely impact of vaccine, in understanding reasons for any observed reduction in vaccine
effectiveness, and monitoring possible changes in strains as a result of vaccination.
For example, animal strains, rare human strains, and reassortants between wild-type
and vaccine strains may become more common in humans after vaccine introduction.
In each setting where rotavirus disease surveillance is conducted, information should
be obtained on local rotavirus strains. At a given site, it may be desirable to conduct
strain typing with the help of local expertise and laboratories, to participate in a regional
strain surveillance network, and/or to collaborate with an international reference
laboratory.
The following discussion provides a framework for conducting strain surveillance and
describes the laboratory procedures that should accompany disease surveillance and
vaccine effectiveness study efforts. Methodologic details of rotavirus detection and
characterization are described in a separate WHO laboratory manual (78). The general
steps of strain surveillance are as follows:
1)

Hospitals that are part of a sentinel surveillance system should test a majority of
gastroenteritis samples in children less than 5 years age for rotavirus, by means
of a commercial enzyme immunoassay (see section 4.2.3).

2)

A subset of rotavirus-positive stool samples obtained from these sentinel hospitals
should be chosen for further characterization (see section 4.3).

3)

Surveillance networks should identify regional laboratories with strain
characterization methods and submit samples twice per year (see section 4.3).

4)

Regional laboratories should employ standardized strain characterization
methods using a standard protocol, monitor performance through participation
in a quality assurance scheme, and report data to the surveillance networks for
further analysis.

5)

Data should be analyzed, interpreted, and shared with other surveillance networks,
collaborators, and vaccine manufacturers to transform data into action.
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4.1

Specific aims

1)

To identify prevalent rotavirus strains before and after introduction of vaccine.
a)

Determine strain patterns in regions with lower vaccine effectiveness.

b)

Monitor changes in strain distribution (e.g., strain replacement).

c)

Gather data to assess need for future vaccine development for specific
strains.

2)

To gain a better understanding of rotavirus evolution, and the emergence of novel
strains including wild-type rotaviruses and potential reassortants between wild
and vaccine strains.

4.2

Laboratory procedures

Laboratory confirmation of rotavirus should be an integral component of active
surveillance for monitoring disease trends and vaccine effectiveness studies. A stool
sample from every eligible child (or a random sample of children if numbers of such
children are high) with acute gastroenteritis who is admitted to a participating hospital
is tested for the presence of rotavirus. Each site should have the capacity to determine
the serotypes present among a subset of the rotavirus-positive stool samples or should
arrange collaboration with a reference laboratory (see section 4.3).

4.2.1 Stool specimen logbook
Each laboratory should keep a stool specimen logbook for recording information on
all children who are admitted because of gastroenteritis (see Annex 5 for an example
of a stool specimen logbook). As laboratory results become available they should
be added to the specimen logbook. The information kept in the stool specimen
logbook should match the information in the gastroenteritis hospitalization logbook.
Frequent comparison of the entries in the two logbooks will help to ensure that patients
or specimens are not being missed by the surveillance and that each patient is properly
identified.

4.2.2 Collection and handling of specimens
A sufficient amount of bulk stool, a minimum of 1 ml, should be obtained from each
suspected case-patient during the acute illness, preferably on the day of presentation
to hospital. Typically, 1.5 ml–2 ml tubes are adequate for specimen storage and would
pose fewer space restrictions when storing and transporting specimens. For strain
characterization purposes, 500 µl–1 ml of sample is typically sufficient. Rectal swabs,
or swabs placed in bacterial culture media, are not optimal for rotavirus detection or
characterization; thus such swabs should be avoided. Attempts should be made to obtain
a stool specimen from all possible case-patients within 48 hours of hospital admission
to avoid the detection of nosocomial infection. The stool specimen should be placed
in a sterile screw-top container, e.g. a urine collection cup, and properly labeled with
information that includes a unique identification number and the date of collection.
It is necessary to ensure that the information on the specimen label matches that in
the stool specimen logbook. All stool specimens should be stored in a freezer at -20°C
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until testing is performed, and care should be taken to avoid freeze-thaw cycles where
possible. For prolonged storage a temperature of -70°C is preferable because there is
evidence suggesting that the ability to characterize rotaviruses declines during storage
for years at –20°C. To avoid freeze-thaw cycle, the specimen should be divided into
three aliquots for: EIA (could be stored at 4-8oC, genotyping (store at -20oC) and long
term storage.
If specimens need to be stored temporarily before being placed in a freezer they should
be refrigerated at 4 to 8°C. Rotavirus infectivity in both feces and culture medium is
relatively stable at these temperatures (97, 98). If specimens need to be transported before
freezing, ice packs should be used to keep them at 4 to 8°C. Nonetheless, rotaviruses
are relatively stable in a variety of conditions; this is true of some strains stored at room
temperature in culture medium (97). Consequently, even if there is a breakdown in
handling, e.g. in the event of the storage of specimens at room temperature for more
than four hours, they may still be tested, although the potential loss of sensitivity should
be considered in later analyses.
If stool samples are also tested for bacterial or parasitic pathogens, the specimens
should be transported to the laboratory within two hours of collection and placed in
the appropriate media. Specific guidelines on the collection, handling and testing of
specimens for other enteropathogens should be obtained from other sources.
Special consideration should be given to the long term storage conditions of stool
specimens collected from countries that are polio endemic (77).

4.2.3 Methods for detection of rotavirus
All stools collected should be tested for rotavirus antigen by means of a commercial
enzyme immunoassay kit. Latex agglutination tests are not as sensitive or specific as the
immunoassays and are not recommended for rotavirus surveillance. A chromatography
paper strip method for the collection, storage and transport of rotavirus RNA in stool
samples has also been developed (99). Other methods of detection – electron microcopy,
RNA electrophoresis, and the use of the polymerase chain reaction – are generally more
laborious and resource-intensive and demand more training. They are not, therefore,
recommended for routine use in surveillance. RT-PCR is not recommended for the
diagnosis of rotavirus disease, as its superior sensitivity means that low viral loads,
not associated with disease, can be detected in cases of gastroenteritis in which another
co-infecting pathogen is likely to be causing the symptoms. Several enzyme immunoassay
kits for the rapid detection of rotavirus are available. The kits indicated in Table 5
have been widely used and evaluated. This is not a complete list of available tests but,
for the most part, represents kits with comparable sensitivity and specificity that are
widely available. Each site should consult its nearest laboratory for more information
about the kits and their local availability. It is best to use a single manufacturer’s kit
during the entire study in order to achieve comparability and uniformity of data.
For example, ID EIA is currently used in all GAVI sponsored surveillance networks;
for public health surveillance activities, DAKO Diagnostics provides discount pricing
for these kits if they are procured through existing agreements and ships anywhere in
the world.
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Table 5: Rotavirus enzyme immunoassay kits5 for use in surveillance studies
Product

Manufacturer

Format

Number of
tests in each kit

Premier Rotaclone® qualitative
or quantitative antigen enzyme
immunoassay

Meridian Diagnostics, Inc,
USA

12 well strips

48

Abbot Testpack® qualitative antigen
enzyme immunoassay

Abbot Laboratories, USA

Individual reaction discs

20

Pathfinder® rotavirus qualitative
antigen enzyme immunoassay

Sanofi Diagnostics Pasteur, Individual tubes
France

50

ID EIA Rotavirus Test

OXOID, United Kingdom

96

12 well strips

Once antigen detection is completed, any remaining stool and stool suspension should
be stored at approximately -20°C, unless extracts are to be tested immediately by
serotype or genotype analysis. In the latter event, suspensions can be kept at 4 to 8°C
for a few days. For long-term storage, at least two aliquots are desirable; one that can
later be used as a working aliquot and one for longer-term storage.

4.3

Selection of specimens for further characterization

When conducting a case control study, it would also be useful to determine if vaccine
effectiveness varies by strain. To do so would require strain characterization on all
case-patient stool samples and should be arranged in advance with a reference laboratory
that has characterization capacity. Because strain characterization is a time and resource
intensive process, for surveillance purposes, a subset of rotavirus-positive stools
obtained from routine surveillance should be chosen for further characterization.
In choosing a subset of specimens for strain characterization, the following important
aspects should be considered:

Strain surveillance
1)

5

The type and size of sample will depend on several factors:
a)

Number of positive rotavirus samples per year—Many labs with strain
characterization capacity are unlikely to be capable of analyzing more than
100 to 200 samples per year. Thus, for surveillance purposes, hospital labs
with a large volume of rotavirus samples may want to select a proportion
of their samples (e.g. 15-20%) depending on the maximum number of
samples that the referral laboratory is willing to accept.

b)

Representativeness—a minimum number of 50 samples per year should be
considered for further strain characterization, so that the results may more
accurately represent the strain prevalence in the population. All hospitals in
the surveillance system should contribute rotavirus-positive stool samples
for further characterization so as to enhance the representativeness of the
system.

Note: The above list of products and manufacturers of rotavirus enzyme immunoassay kits does
not indicate special endorsement of these products and/or manufacturers. Please follow carefully
the manufacturer’s instructions when using these products.

WHO/IVB/08.16

31

c)

Borderline positive samples—avoid sending a preponderance of samples
that are “borderline” positive for rotavirus using the enzyme immunoassay
kits. These samples may not contain much virus and therefore be difficult
to type.

d)

Other factors—the resources of the institution in question, the number
and heterogeneity of participating hospitals, and the variability of strains
in past studies are additional factors that might impact the prioritization
of strain surveillance in the region.

2)

Samples for examination should be collected and stored throughout the year.

3)

The decision as to which samples to test could be made every 6-12 months on
the basis of the monthly and age-specific distribution of strains. For example,
over-sampling may be necessary in the winter months, in regions where
there is a winter peak of rotavirus incidence. One approach would be to do a
frequency count of rotavirus samples based on age-groups (0-5, 6-11, 12-23,
24-59 months) and month-groups (January-March, April-June, July-September,
October-December). The proportion of samples selected for strain characterization
should reflect the proportion of all rotavirus positive samples in these age and
month groups.

4)

Only specimens of adequate volume for several tests (more than 1 ml) should be
chosen in order to avoid running out of material before testing is complete.

5)

Finally, the selection should be as random and standardized as possible so as to
minimize selection bias.

4.4

Strain characterization methods

Two main methods have been extensively employed for typing: serotyping with
monoclonal antibodies to determine the G protein, and RT-PCR to identify both G and
P types (100, 101). In one typing strategy, strains are first G-serotyped using enzyme
immunoassay with type-specific monoclonal antibodies for predominant serotypes
(usually G1–G4), and possibly for other strains, depending on previous local data.
For instance, G5, G8, G9 and G10 viruses have been found to be quite common in
some countries, and G6 and G12 have also been detected at various sites. Monoclonal
antibodies have been produced for both common and unusual types G5, G6, G8
and G10, together with methods for their use (102, 103). Investigators can expect to
G-type 50–80% of strains with monoclonal antibodies alone. Samples stored for the
minimum amount of time before analysis have yielded the highest percentage of typeable
strains, presumably because the outer capsid degrades slowly during storage so that
serotype-specific monoclonal antibodies eventually do not bind (104). The freezing and
thawing of stools may also reduce the ability to serotype rotaviruses with monoclonal
antibodies. The strains that are not typeable by means of monoclonal antibodies are
typically genotyped using RT-PCR techniques (105-108). The analysis of untypeable
strains by these methods has been important in identifying unusual strains that could
have a bearing on vaccine strategies (109, 110).
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The second strategy, and the one we recommend, is to type specimens exclusively by
RT-PCR. In the first strategy, i.e. monoclonal antibody serotyping, 20–50% of
specimens analyzed remain untypeable and subsequently have to be reanalyzed by
genotyping methods, regardless of how carefully the specimens are collected and stored.
It is therefore probably easier for most laboratories to set up a single method for typing,
namely RT-PCR. Furthermore, RT-PCR genotyping has proved highly efficient in some
settings, allowing 90–95% of strains to be typed (100, 109, 111, 112), and this approach
is required for the P-genotyping of strains which we recommend. For the subset of
strains P-genotyped, uncommon G serotypes should also be represented. A complete
set of strain characterization protocols with details of sources of reagents, including
some limited reagents such as RT-PCR primers, can be obtained by contacting one of
several rotavirus reference laboratories (78).

4.5

Analysis of data

For each laboratory an examination should be made of indicators of rotavirus activity,
including the number of fecal specimens processed, the number of rotavirus detections
and the percentage of specimens testing positive for rotavirus. In order to examine
seasonal trends the monthly or weekly detection rates of rotavirus should be examined.
In regions where rotavirus exhibits a distinct seasonality the peak of rotavirus activity
should be defined as the two consecutive weeks with the greatest number of rotavirus
detections. The onset of the rotavirus season should be defined as the week in which
the number of rotavirus detections first exceeds the mean number of rotavirus
detections per week for the entire year. The duration of the rotavirus season should be
defined as the number of weeks during which the detections exceed the weekly mean.
Countries that detect seasonal peaks should examine spatial differences in the timing
of seasonal rotavirus activity, by assessing the timing of peak rotavirus activity at the
individual sites. They could be plotted as contour maps by means of sophisticated
computer software.
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Annex 1:
Example of a complete case-control protocol
for assessing effectiveness of a rotavirus vaccine
against severe rotavirus diarrhea
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1.

Project overview

1.1

Title

Effectiveness of a rotavirus vaccine against severe rotavirus diarrhea

1.2

Protocol Summary

The primary purpose of this program evaluation is to determine the effectiveness of
a rotavirus vaccine since its introduction into the national immunization program in
[COUNTRY]. Currently licensed rotavirus vaccines have demonstrated good efficacy
(85%-98% against severe rotavirus disease) and safety profiles in large clinical trials,
all of which have been conducted in developed countries. Monitoring the performance
of this vaccine in real world settings, particularly in GAVI-eligible countries, is a
high priority. Such monitoring will allow parents, health care providers, and decision
makers to appreciate the health benefits of vaccination in reducing the burden of severe
rotavirus disease. It will also allow assessment of the effectiveness of rotavirus vaccines
in programmatic use and the need for modifying vaccination schedules or vaccine
formulations to enhance the performance of immunization.
A case-control design will be used for this program evaluation. Case-patients will be
children <2 year of age (<1 year during the 1st year of the vaccination program) with
severe rotavirus diarrhea, identified by active surveillance systems at [NUMBER]
hospitals in [COUNTRY]. Two groups of control will be included: age-matched
children living in the same neighborhoods as case-patients, and age-matched children
hospitalized at the same hospital as case-patients. Interpreting vaccine effectiveness
data in conjunction with vaccination coverage rates will provide indirect estimates of
vaccine impact on rotavirus disease burden in [COUNTRY].

2.

Introduction

2.1

Literature review/current state of knowledge about rotavirus disease

Rotavirus is the most common cause of severe diarrhea in children <5 years of
age globally, accounting for an estimated 2.4 million hospital admissions and
527,000 deaths each year (1). Because of the tremendous global burden of rotavirus,
vaccine development and introduction has been a high priority for several international
agencies, including the World Health Organization (WHO) and the Global Alliance for
Vaccines and Immunization (GAVI) (2). In 2006, two new rotavirus vaccines - RotaTeq®
(Merck Vaccines, Whitehouse Station, NJ) and Rotarix® (GlaxoSmithKline Biologicals,
Rixensart, Belgium) -- have been licensed for use in many countries. Pre-licensure
clinical trials of each of these vaccines have demonstrated high efficacy (85-98%) against
severe rotavirus disease and safety with respect to intussusception (3, 4). These pivotal
clinical trials were conducted in middle and high-income countries and further studies
are underway or being planned in low income countries of Asia and Africa (2).
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As rotavirus vaccines are introduced into immunization programs,
monitoring their impact is a high priority for several reasons. The key question
is whether the performance of these vaccines in routine use will parallel that in
pre-licensure trials, particularly when used in developing countries (2, 5-7).
Previous experience with other rotavirus vaccines, and other oral vaccines
(e.g., polio, cholera) suggests that many factors—such as interference by maternal
antibodies, breast-feeding, , concurrent oral polio vaccine (OPV) administration,
prevalent viral and bacterial gut infections, and malnutrition—might adversely affect
the performance of these vaccines among children in developing countries (8, 9).
In addition, these vaccines may not protect equally well against all rotavirus strains, and
efficacy could vary in areas where prevalence of strains is different from that in clinical
trials (10-13). Thus, the pressing scientific need in the post-licensure period will be to
demonstrate the impact of the vaccine in developing countries with the greatest burden
of rotavirus disease as well as the greatest challenges to vaccine performance.

2.2

Justification for the program evaluation

A rotavirus vaccine [VACCINE NAME] was introduced in [COUNTRY] on [DATE].
Demonstrating the impact of the vaccine, though its routine use in the public sector,
will provide essential information to the Ministry of Health (MOH) by assessing the
potential health benefits of vaccination. In addition, data from this program evaluation
will have relevance for other regional countries considering introduction of a rotavirus
vaccine within the immunization schedule of their countries.

2.3

Intended/potential use of program evaluation findings

Potential use of the program evaluation findings includes: (1) Making evidence-based
decisions about implementing rotavirus vaccines into routine immunization schedules
in GAVI-eligible countries; (2) Advocacy for further resources to introduce rotavirus
vaccines in countries with the highest disease burden; (3) Identifying barriers that might
affect the performance of rotavirus vaccines in the real-world setting. The results will
be communicated through presentations to various groups and may be submitted for
publication to a peer-reviewed journal.

2.4

Program evaluation design/locations:

The program evaluation will be conducted through a case-control design at [NUMBER]
hospitals in [COUNTRY]. Case-patients will be children <2 years of age hospitalized
for rotavirus diarrhea. Case-patients will be identified through an ongoing active
surveillance system that is managed by the MOH. The study coordinators at each
site will identify case-patients and subsequently recruit age-matched controls from
two sources: (1) neighborhood of case-patient; and (2) children hospitalized for a
condition other than diarrhea at the same hospital and during the same time period as
the case-patient.
The program evaluation will be conducted at the following hospitals: [HOSPITAL
NAMES]
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2.5

Objectives
Primary

1.

To determine the effectiveness of a rotavirus vaccine in the context of a newly
implemented routine vaccination program in [COUNTRY].

Secondary
1.

To determine effectiveness from partial dose series or against specific rotavirus
strains.

2.

To identify potential risk factors for poor vaccine performance, such as
concomitant oral polio vaccine administration, low socioeconomic status, and
breastfeeding.

2.6

Hypotheses/questions

1)

What is the effectiveness of [NAME OF RV VACCINE]] in the setting of routine
use in children of [COUNTRY]?
a)

2)

Hypothesis: Introduction of [NAME OF RV VACCINE]] into the routine
immunization schedule will reduce risk of severe gastroenteritis in children
who have received 3 doses of the vaccine.

What is the effectiveness of a partial dose series of [NAME OF RV
VACCINE]?
a)

Hypothesis: A partial dose series of [NAME OF RV VACCINE]] will also
reduce risk of severe gastroenteritis, but effectiveness will be less than the
full series.

3.

Procedures/methods: design

3.1

Design

This program evaluation will utilize a matched case-control design to assess
vaccine effectiveness against hospitalizations for severe rotavirus gastroenteritis.
Monitoring secular trends in diarrhea- and rotavirus-associated health outcomes are
ideal methods of demonstrating impact of vaccination, but can be challenging because
of the need for baseline data before implementation of vaccination and difficulties in
interpretation of trends because of natural year-to-year variation in disease incidence.
Furthermore, vaccine coverage >30-40% may need to be achieved before impact may be
visible through these ecologic methods. Therefore, in the early phases of introduction of
rotavirus vaccine in a country, particularly in locations without adequate baseline data
before vaccine introduction, the field performance of vaccine might be better assessed
by conducting specialized epidemiologic methods such as case-control studies (5-7).
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Children will be matched on age, which is known to be associated with both
hospitalization for rotavirus disease and vaccination, thus reducing the confounding
effects of this variable. Two sources of controls, neighborhood and hospital,
will be used since the source population of the case-patients is difficult to enumerate.
Both sources are also likely to be proxies for socioeconomic status. Two sources of
controls has been advocated, if there is no strong reason for preferring one type of
control over another (14), thus providing an assessment of bias when selecting one
source over another. Information on vaccination status and other variables potentially
affecting vaccine performance will be collected and considered in the analysis.

3.2

Audience and stakeholder participation

The primary audience of this protocol is public health officials and health care workers
involved with diagnosing and treating childhood diarrheal diseases and implementing
childhood vaccination programs in [COUNTRY], as well as key government
decision makers responsible for sustaining the rotavirus vaccination program.
This program evaluation will be a collaborative effort between [COLLABORATORS].
Secondary audiences may include other countries and international public health
agencies considering introduction of rotavirus vaccines into the routine immunization
schedules globally.

3.3

Cost benefit/prevention effectiveness

The primary purpose of this evaluation is to assess vaccine effectiveness. Costs of
illness will not be considered as part of this program evaluation, but data gathered in
this study might be linked to future cost effective evaluations.

3.4

Program evaluation time line

Month, Year:

Initiation of active hospital-based rotavirus surveillance

Month, Year:

Implementation of routine rotavirus vaccination in [COUNTRY]

Month, Year:

Submission to Institutional Review Board

Month, Year:

Study personnel recruitment and training

Month, Year:

Enrollment of case-patients and controls begins

Month, Year:

Enrollment ends, assuming sample size is met

Month, Year:

Analysis completed

3.5

Justification for Expedited Review

We believe this observational study protocol can be reviewed expeditiously because
the study:
1)

Presents minimal risk to patients;

2)

Being selected as a participant does not involve any substantial loss of privacy
or confidentiality;

3)

May impact public health policies and practices that are changing rapidly such
as the decision to incorporate rotavirus vaccines into immunization schedules
globally.
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4.

Procedures/methods: participant population

4.1

Description and source of participants

At each program evaluation site [HOSPITAL NAMES], case-patients will be identified
by the network’s active surveillance system. Through this surveillance system,
[COUNTRY] MOH is tracking all children under less than 5 years of age who present
with acute gastroenteritis and testing their stools for rotavirus. Children who meet a
standard case definition for acute gastroenteritis, and have rotavirus positive stool are
registered in the surveillance logbook. This log-book will be reviewed daily by the
program evaluation on-site coordinator to identify participants that meet the case
definition (see below) for enrollment in the program evaluation.
The on-site coordinator will then enroll age-matched controls from the two sources.
One group will be selected from children hospitalized at the same hospital as the
case-patient. A second group of controls will be sampled systematically from the
neighborhoods of the corresponding case-patients (see Section 4.8).

4.2

Case definition and inclusion criteria:

Case-patients should be eligible for the study if they meet all of the following
criteria:
1)

A child who is admitted to a rotavirus hospital surveillance site for treatment of
gastroenteritis on or after [STUDY START DATE].

2)

Onset of gastroenteritis1 ≤ 14 days prior to admission.

3)

Rotavirus-positive stool sample during first 48 hours of hospitalization.

4)

Eligible to receive at least one dose of [NAME OF RV VACCINE]] prior to
illness, by the following criteria:

5)

1

a)

Born on or after [6 TO 8 WEEKS BEFORE VACCINE INTRODUCTION];
and

b)

At least 8 weeks of age when rotavirus gastroenteritis occurred;

Either:
a)

Treated with intravenous fluids in the emergency department and discharged
home; or

b)

Admitted to the hospital and treated with oral rehydration or intravenous
fluids.

Gastroenteritis is defined as the occurrence of two or more episodes of vomiting and/or
> 3 episodes of diarrhea (stools of a less formed character than usual) within a 24 hour period
that is not explained by an underlying medical condition.
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4.3

Case exclusion criteria

Case-patients should be excluded if any of the following apply:
1)

Known non-infectious or other chronic cause of patient’s symptoms.

2)

Inability to contact parent or care-taker to obtain informed consent.

3)

Unable to verify vaccination through a vaccination card or medical record.

4)

Admitted to another hospital for > 24 hours (and subsequently transferred to
the current hospital)

4.4

Control inclusion criteria:

Controls should be eligible for the study if they meet all of the following criteria:
1)

Being born within ± 30 days of case-patient’s date of birth.

2)

Eligible to receive at least one dose of [NAME OF RV VACCINE]] prior to
illness, by the following criteria:
a)

Born on or after [6 TO 8 WEEKS BEFORE VACCINE INTRODUCTION];
and

b)

At least 8 weeks of age on the date when the corresponding case-patient
developed rotavirus gastroenteritis;

3)

Would have sought treatment at the hospital where the case-patient is admitted,
if severe diarrhea had developed.

4)

Source specific inclusion criteria:

4.5

a)

Neighborhood controls: Children who live in the same neighborhood as
the case-patient, for at least one month prior to the case-patient’s illness
with rotavirus gastroenteritis.

b)

Hospital controls: Children who are admitted to the same hospital as the
case-patient (see Section 4.8).

Control exclusion criteria

Controls should be excluded if any of the following apply:
1)

Inability to contact parent or caretaker.

2)

Unable to verify vaccination through a vaccination card or medical record.

3)

Source specific exclusion criteria:

2

50

a)

Neighborhood controls: Child lives in the same house as the case.

b)

Hospital controls: Children who are admitted for acute gastroenteritis2;
children with the following vaccine preventable diseases: measles, mumps,
rubella, diphtheria, pertussis, tetanus, tuberculosis, invasive Haemophilus
influenzae Type B (Hib) infections (meningitis, pneumonia, bacteremia,
septic arthritis, cellulitis, and epiglottitis), or hepatitis B.

Gastroenteritis is defined as the occurrence of two or more episodes of vomiting and/or > 3
episodes of diarrhea (stools of a less formed character than usual) within a 24 hour period.
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4.6

Justification of exclusion of any sub-segment of the population

We will exclude children with other vaccine preventable diseases for which vaccine
coverage is high, as children unlikely to be vaccinated with these are also less likely to
have received the rotavirus vaccine than the source population.

4.7

Estimated number of participants

[1:3 matching] The total number of participants will be 2800 children, including
400 case-patients, 1200 neighborhood controls, and 1200 hospital controls.

4.8

Sampling, including sample size and statistical power

1)

Case-patients: Children will be identified from hospitals with ongoing
active surveillance of patients admitted with laboratory-confirmed rotavirus
gastroenteritis. Case-patient selection at these sites will be consecutive until the
desired sample size is reached.

2)

Neighborhood controls: Every two weeks of the study period, the site-investigator
will visit the case-patient’s neighborhood to enroll three matched control per
case-patient enrolled during the preceding week. Once at the case-patient’s house,
the investigator will go either to the left or the right (determined by a coin toss)
and interview the fourth neighbor to determine if a child meeting the selection
criteria lives in the household. If no child meets the inclusion criteria, then the
investigator will go to the fifth house and proceed sequentially until a control is
enrolled. For logistical reasons, the investigator will choose the first child born
± 30 days from the case-patient date of birth. The process will be continued until
3 controls are enrolled or the investigator reaches the external boundaries of the
neighborhood.

3)

Hospital controls: After a case-patient is identified, the site-investigator will
survey hospital admission logs to identify controls that meet the study inclusion
criteria. If possible, the list will be randomized and, proceeding from the top of the
list to the bottom, the first child that meets the inclusion criteria and is admitted
on the same day as the case-patient will be selected as a potential control-subject.
If no child meets the inclusion criteria, then logs from children admitted the day
before the case-patient will be reviewed. This process will be continued until
three hospital controls are enrolled.

4)

Sample size calculation: The sample size was calculated for precision around
the estimated vaccine effectiveness, using the following parameters and
assumptions:
a)

Detect an odds ratio of at least 0.40 or vaccine effectiveness of 60% with
95% confidence limits of 50 to 80%.

b)

Case-patient to control ratio of 1:1

c)

Rotavirus vaccine coverage of 20% (full series), for controls.

d)

Allow for non-inclusion of 15% of subjects

Using these parameters and assumptions, we would need approximately 400 casepatients, 1200 neighborhood controls, and 1200 hospital controls to demonstrate vaccine
effectiveness > 60% within a narrow confidence band.
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4.9

Enrollment

Case-patients—Procedure for enrollment
The following sequence of events will occur for the case-patients in this program
evaluation:
1)

The on-site study coordinator for each of the active-surveillance sites will
review surveillance logs daily from Monday thorough Friday to identify all
gastroenteritis children that are admitted to the hospital. The average hospital
stay for gastroenteritis is [XX days], thus daily review of the surveillance
logs should identify most rotavirus case-patients. [Past evaluation of the
hospital-based rotavirus surveillance system using the WHO generic protocol
captures most rotavirus case-patients that are admitted to the hospital].

2)

Once a potential case-patient is identified, the on-site coordinator will approach
the child’s parent or guardian in the hospital, if the child is still hospitalized,
or at the child’s home, if the child is discharged. The coordinator will explain
the program evaluation to the parent or guardian, screen them for enrollment,
and then offer enrollment. Coordinator will obtain informed consent from the
parent by reading the consent document with them. Refusals will be recorded
to monitor participation rate. A stool specimen will be collected and stored as
per the surveillance protocol.

3)

Controls—neighborhood: After identifying case-patients, neighborhood controls
will be approached (see Section 4.8) and field coordinator will explain the program
evaluation to the parent or guardian, screen them for enrollment, and then offer
enrollment. Neighborhood controls will be enrolled every two weeks. The field
coordinator will obtain informed consent from the parent by reading the consent
document with them. Refusals will be recorded to monitor participation rate.

4)

Controls—hospital: After identifying case-patients, hospital controls will be
identified (see Section 4.8) within the subsequent 2 weeks and the program
coordinator will explain the program evaluation to the parent or guardian while
the patient is hospitalized, screen them for enrollment, and then offer enrollment.
The field coordinator will obtain informed consent from the parent by reading the
consent document with them. Refusals will be recorded to monitor participation
rate.

4.10 Consent Process
The site program coordinator will provide parents with basic background about the
program evaluation and review an informed consent document with them (Appendix).
The informed consent document will be available in [LOCAL LANGUAGE].
The document will be read out loud to the parent or guardian and they will be asked
to provide written documentation of informed consent.
The consent form has been translated into [LOCAL LANGUAGE] and back-translated
into English by translators who are not involved in the program evaluation.
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5.

Procedures/methods: variables/interventions

5.1

Variables

The following data variables will be collected (Appendix XX-questionnaries):
Patient Information

Clinical Information

•

Reporting hospital

•

•

Date of admission

•

•

Name

•

•

Address and telephone

•

Age (months)

•

Duration of vomiting (days)

•

Date of birth

•

Gender

•

•

Temperature,

•

Date stool specimen collected

Vomiting (Y/N)

•

Bacteria identified in stool

Number of vomiting episodes/24
hours

•

Parasites identified in stool

•

Rotavirus identified in stool

•

Vaccination history

Diarrhea (Y/N)

•

Vaccine types

Number of diarrhea episodes/24
hours

•

Vaccine formulation

•

Vaccine lot

•

Dates of vaccination

•

Duration of diarrhea (days)

•

Disposition (discharged or death)

•

Length of hospital stay (days)

Medical history

Family and socioeconomic factors

•

Preexisting conditions

•

Marital status of mother

•

Premature birth

•

Maternal age

•

Birth weight

•

Education level-mother

•

Breastfeeding

•

Education level-father

•

Level of household crowding

•

Age and number of siblings

5.2

Laboratory & Vaccination
Information

Other
•

Cost of hospitalization

Project questionnaires

Program coordinators will use structured interviews using questionnaires in
Appendix XX.

5.3

Outcomes and minimum meaningful differences

The primary outcome of interest is to determine [NAME OF RV VACCINE]] vaccine
effectiveness using a case-control approach.

5.4

Training for all program personnel

To the extent possible, program coordinators at each site will be personnel that are
conducting active diarrhea surveillance and are already trained in identifying rotavirus
case-patients. Therefore, they will be familiar with the rotavirus case definitions and
outcomes. One month prior to enrollment, coordinators will undergo training in the
case-control methodology and case/control report forms. A full-time, in-country
program coordinator will be responsible for the overall coordination and training of
all site personnel, including training of new personnel.
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A major focus of training will be to insure that interviewers learn to minimize bias when
selecting controls, performing interviews, recording data, and obtaining vaccination
history. Investigators at [COUNTRY SITE] will oversee the epidemiologic aspect of
the program evaluation and provide guidance as necessary.

6.

Procedures/methods: Data handling and analysis

6.1

Data Collection

For both case-patients and controls, data will be collected on paper forms (Annex 2-5)
by trained program coordinators. Data collection forms will contain unique identifiers,
not names, to permit identification of participants. A link between the unique identifier
and the participant’s name will be maintained on a separate form at each surveillance
site. This link between name and unique study identifier will be destroyed after data
collection and analysis is finished and all vaccination history has been documented and
linked successfully.
Vaccination history will be collected on all case-patients and control children.
During the interview the parent or guardian will be asked for each child’s vaccination
card. If the card is not available, any other written documentation or verbal report
of the child’s vaccination record will be acceptable. If the parent of a hospitalized
case-patient does not have the child’s vaccination record in the hospital, the project
coordinator will accompany the family home either during the course of hospitalization
or upon the patient’s discharge to facilitate collection of recorded vaccination history.
The interviewer will review the vaccination records and document on the data collection
form the dates of the rotavirus vaccines, as well as other vaccines received (Annex 4).
The interviewer will record any verbal report of the child’s immunization status also.
If there is no record other than a verbal report of vaccination, for either case-patients
or controls, the coordinator will seek more information through a visit to the local
health unit where the reported vaccinations were administered. Information about the
child’s vaccinations may be available through the clinic’s register. A dose of rotavirus
vaccine will be considered as relevant if it was administered at least 14 days before the
hospitalization date for the case-patient.

6.2

Information management and analysis software

Data will be entered and managed using Epi Info (http://www.cdc.gov/EpiInfo/).
Other standard software (e.g., SPSS, SAS 9.2.) will be used for data analysis.

6.3

Data Analysis Plan

Vaccine effectiveness would be calculated using the formula: Vaccine Efficacy =
(1-Odds Ratio) X 100, where the odds ratio is the adjusted odds ratio for rotavirus
immunization rate among case-patients compared with controls.
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The primary analysis will include all reports of vaccine status, verbal and written,
for children who have received three doses versus no dose of the vaccine.
Subsequent secondary analyses will include children who have received at least two
doses versus no doses of the vaccine, and children who have received at least one dose
versus no dose of the vaccine. Other secondary analysis will include case-patients and
controls with recorded vaccination histories only. Conditional logistic regression will
be performed to incorporate the effects of potential confounders and effect modifiers.
To determine rotavirus vaccine effectiveness, two matched analyses will be performed.
One analysis will be of children with rotavirus hospitalization compared with
neighborhood- and age-matched children. The second matched analysis will focus
on children with rotavirus hospitalization compared with hospital and age matched
children.

6.4

Data entry, editing and management

Paper case-patient report forms will be stored in secure, locked cabinets to which only
program coordinators have access. Original report forms will be kept at each program
site. Once per month, the overall program coordinator will visit the surveillance sites
and review all completed forms. Forms that have missing data will be reviewed to
determine the reason why the data is missing. If the coordinator determines that it is
possible to recover the data, the site coordinator will attempt to obtain the missing
information. All reviewed, completed case report forms will be transported to a central
data processing center and stored in a secure, locked cabinet.
At the central data processing center, all data will be entered into an electronic database.
After data entry, electronic data will be made available to technical collaborators to
permit data review and analyses.

6.5

Potential biases and limitations of program evaluation

Using laboratory confirmed case-patients through precise case definitions,
uniform inclusion and exclusion criteria between case-patients and controls,
obtaining verified vaccination histories, and matching on age and neighborhood or
hospital should minimize many of the biases of this program evaluation. In addition,
other biases also warrant consideration. Case-patients of rotavirus gastroenteritis may
not be identified by the active surveillance system because they do not present for
care at the participating hospitals. Some children with rotavirus gastroenteritis may
not present for medical care at all, while others may present to another institution.
If case-patients who do not present to the participating hospitals have reduced access
to health care, they may have had fewer chances to receive rotavirus vaccine than
case-patients who presented to the hospitals. This selection bias may result in an
underestimation of vaccine efficacy in the analysis.
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Another form of selection bias arises from the potential difference between
the parents who agree to participate in the program evaluation and those who refuse.
For example, parents who distrust the medical system may refuse to participate in the
program evaluation and may also be reluctant to bring their child for vaccinations.
With this bias, both case-patients and controls again would be more likely to not
have received rotavirus vaccine, thus reducing the potential difference in vaccination
rates between the two groups. To minimize the role of this bias, parents who refuse to
participate in the program evaluation will be asked the reason for their refusal, in an
attempt to better characterize the group of non-responders.

7.

Procedures/methods: Dissemination, notification
and reporting of results

7.1

Notifying participants of their individual results

Rotavirus testing results for case-patients is relayed to the parents as part of ongoing
active surveillance.

7.2

Notifying participants of program evaluation findings

No formal system for notifying participants of program evaluation will be established,
although findings from this evaluation will be incorporated into educational materials
which patients past and present will have access to.

7.3

Disseminating results to the public

Findings of the program evaluation will be summarized and discussed with the involved
government partners. Findings will also be made available to individual health care
providers, health care facilities, and other relevant organizations through scientific
meetings, presentations, and publications.

8.

Risks

8.1

Physical/psychological

There are no physical risks to the involved participants. Parents may feel embarrassed
or uncomfortable when discussing sensitive topics such as those that involve their
children’s past medical history or vaccination.

8.2

Methods to minimize risks

Case-patient interviews will be conducted in private areas whenever possible.
Study staff will be trained to answer patient questions about sensitive topics and to
provide referral to counselors. Names will not be directly placed on any research
documents containing data gathered as a part of this study. Study sites will maintain
a link between names and the unique study identifier. All documents will be
maintained in locked cabinets to which only authorized study personnel have access.
Electronic data will be stored in password-protected databases to which only authorized
study personnel have access.
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9.

Anticipated benefits

Anticipated benefits include increased interaction with medical providers, which may
result in earlier recognition of medical problems, possibly improving medical care.
Case-patients and controls may benefit if they are identified as needing a vaccination.
Coordinators will provide information on where vaccines can be obtained and whether
child due for a vaccine.

10. Vulnerable populations
Morbidity and mortality from rotavirus gastroenteritis is greatest among children
<2 years of age. Rotavirus vaccination is recommended for use in children < 6 months
age and thus a program evaluation can only be done by including young children.

11. Consent/assent
The parent of each potential participant will be provided with information about the
program evaluation both verbally and in writing (Annex 7). Signed, written consent
will be obtained prior to enrollment. Assent will not be sought because all participating
children will be younger than two years of age and will not be directly involved in the
data collection process.
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Annex 2:
Example of a screening form for
enrollment of potential cases

1)

Inclusion Criteria (Please go through all questions until reaching “STOP” or
“INCLUDE”)
a)

Is the child born on or after [6 TO 8 WEEKS BEFORE VACCINE
INTRODUCTION] and is at least 8 weeks of age?
yes

b)

no, STOP
Is gastroenteritis (≥ 2 episodes of vomiting or > 3 episodes of diarrhea within a
24 hour period) the reason for this child’s emergency visit or hospital
admission?
yes

c)

no, STOP
Is this child either being treated for gastroenteritis in the emergency room
with intravenous fluids or being admitted to the hospital?
yes

2)

no, STOP
Exclusion Criteria (exclude if participant answers yes to any question in
section 2)
a)

Was the onset of gastroenteritis more than 14 days before date of
hospitalization?
yes, STOP

b)

no
Was child admitted to another hospital for more than 24 hours before being
admitted or transferred to current hospital?
yes, STOP

c)

no
Is parent or guardian available and willing to consider enrollment?
yes, INCLUDE—Please fill in ID number below and enroll
patient
no, LIST REASON: ______________________ and STOP.

IF INCLUSION CRITERIA ARE MET:
1)
2)

Open the next enrollment packet and list study ID: ____________________
Then, follow the enrollment steps included in the packet.
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Annex 3:
Screening form for enrollment of
neighborhood or hospital controls

1)

Inclusion Criteria (Please go through all questions until reaching “STOP” or
“INCLUDE” )
a)

Is the child born on or after [6 TO 8 WEEKS BEFORE VACCINE
INTRODUCTION] and is at least 8 weeks of age?
yes

b)

no, STOP
Is the child born within ± 30 days of matched case patient’s date of
birth?
yes

c)

no, STOP
If the control had severe diarrhea, would the child have sought treatment
at the hospital as the case-patient?
yes

d)

no, STOP
For neighborhood controls, has the child lived in the same neighborhood
as the matched case patient for the past 4 weeks?
yes

2)

no, STOP
Exclusion Criteria (exclude if participant answers yes to any question in
section 2)
a)

Does child have one of the following diagnoses: measles, mumps, rubella,
diphtheria, pertussis, tetanus, tuberculosis, bacterial pneumonia, bacterial
meningitis, or hepatitis B?
yes

b)

no, STOP
Is parent or guardian available and willing to consider enrollment?
yes, INCLUDE—Please fill in ID number below and enroll
patient
no, LIST REASON: ______________________ and STOP.

IF INCLUSION CRITERIA ARE MET:
1)

Open the next enrollment packet and list study ID: ____________________

2)

Then, follow the enrollment steps included in the packet.

60

Generic protocol for monitoring impact of rotavirus vaccination on rotavirus disease burden and viral rotavirus strains

Annex 4:
Questionnaire: cases and controls

1.

Interviewer’s name _______________________________________________

2.

Hospital name: __________________________________________________

3.

Today’s date (dd/mm/yyyy)

4.

Place of interview 1

5.

Select one and fill in details:

_____ /_____ /_____

hospital 2

home 3

other: ____________

Case:
Emergency visit only
(with IV fluids)

Hospital admission

a.

SELECT:

b.

Date of hospital visit _____ /_____ /_____ and approximate visit time:
_____ : _____ (AM or PM)

c.

Date of discharge _____ / _____ / _____ and approximate discharge time:
_____ : _____ (AM or PM

d.

Disposition: 1

Discharged home 2

Transferred to another

hospital

Died

Don’t know

e.

3

4

Date of birth: _____ /_____ /_____
Control – Neighborhood

a.

Date of admission or emergency visit: _____ /_____ /_____ of corresponding
case

b.

Date of birth: _____ /_____ /_____
Control - Hospital

a.

Date of admission _____ /_____ /_____

b.

Admission Diagnosis __________________________

c.

Date of admission or emergency visit: _____ /_____ /_____of corresponding
case

d.

Date of birth: _____ /_____ /_____
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6.

7.

8.

How are you related to the child?
1

Mother

2

Father

3

Other relative

4

Guardian

Is the child a boy or girl?
1

Male

2

Female

Where does the child live?
Village: _________________________________________________________
District: ________________________________________________________

9.

How many rooms in the house are used for sleeping? __________________

10.

In total, how many people, including children, regularly sleep in the house at
night? ____________

11.

NOT COUNTING CASE/CONTROL, how many other children under the
age of 10 years live (i.e., spend at least 4 nights per week) in the household with
the child? ____________

12.

What was the highest level of school that the mother of the child attended?

13.

14.

1

None

2

Primary school

3

Secondary schoo (Grades 9-12)

4

Tertiary school

5

Don’t know

(College or higher)

What is the marital status of the mother?
1

Married

2

Single

3

Divorced

4

Widowed

5

Don’t know

What is the age of the mother at the time of the child’s hospital
visit?_________________ (years)
3

62

(Grades 1-8)

Don’t know
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15.

16.

17.

18.

19.

20.

What was the highest level of school that the father of the child attended?
1

None

2

Primary school

3

Secondary schoo (Grades 9-12)

4

Tertiary school

5

Don’t know

(Grades 1-8)

(College or higher)

Are you or anyone who lives with the child earning money for work?
1

Yes

2

No

3

Don’t know

Is there electricity in the child’s household?
1

Yes

2

No

3

Don’t know

Which of the following items does the child have at home?
a.

Radio

1

Yes

2

No

3

Don’t know

b.

Television

1

Yes

2

No

3

Don’t know

c.

Refrigerator

1

Yes

2

No

3

Don’t know

d.

Bicycle

1

Yes

2

No

3

Don’t know

e.

Motorcycle

1

Yes

2

No

3

Don’t know

f.

Car

1

Yes

2

No

3

Don’t know

g.

Telephone

1

Yes

2

No

3

Don’t know

h.

Computer

1

Yes

2

No

3

Don’t know

In the past month, has the child attended a daycare or school for more than
2 days per week?
1

Yes

2

No

3

Don’t know

Did the child receive any oral rehydration solution (ORS) before presenting to
the hospital?
1

Yes

2

No

3

Don’t know
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21A. FOR CASES AND HOSPITAL CONTROLS: Since birth, not counting this
hospital visit, how many OTHER times did your child have to stay overnight
in a hospital for medical care?
1

0

2

1-2 times

3

3-5 times

4

6-10 times

5

More than 10 times

6

Don’t know

21B. FOR NEIGHBORHOOD CONTROLS: Since birth, how many times did
your child have to stay overnight in a hospital for medical care?

22.

23.

64

1

0

2

1-2 times

3

3-5 times

4

6-10 times

5

More than 10 times

6

Don’t know

In the past month, how many times has your child visited a health center,
clinic or hospital outpatient department for a reason other than vaccination,
such as illness?
1

0

2

1-2 times

3

3-5 times

4

6-10 times

5

More than 10 times

6

Don’t know

Since birth, has the child been admitted to the hospital overnight for diarrhea
[DO NOT COUNT CURRENT VISIT FOR CASES]?
1

Yes

2

No

3

Don’t know
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24.

25.

Was s/he breastfed at all?
1

Yes

2

No

3

Don’t know IF NO, OR DON’T KNOW, SKIP TO QUESTION 28

For how long (i.e., until what age) did the child receive breastmilk as the
ONLY source of milk (i.e., no formula milk was given)? _________ months and
_________ weeks
3

26.

For how long (i.e., until what age) did the child receive breastmilk as the MAIN
source of milk (i.e., majority of milk was breastmilk, but other foods were also
given)? _________ months and _________ weeks
3

27.

29.

Don’t know

At what age did the child completely stop receiving breastmilk? _______ months
and _________ weeks
3

28.

Don’t know

Don’t know

Has s/he ever been vaccinated?
1

Yes

2

No

3

Don’t know IF YES, OR DON’T KNOW, SKIP TO QUESTION 30

If child was not vaccinated, what is the reason for not vaccinating?
1

Vaccination center or clinic too far away

2

No vaccine at the vaccination clinic

3

Sick child at home

4

Fear of vaccine side effects

5

Shortage of money

6

Other: ___________________
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30.

Where has the child received vaccinations? (Check all that apply)
1

Health center or Clinic (include all available information)

Name: _________________________________________________________
Village: _________________________________________________________
District: ________________________________________________________

31.

2

Hospital (name): ____________________________________________

3

Other: ____________________________________________________

4

Don’t know

If the child has received vaccinations at more than one clinic, please list the other
clinics.
Name: _________________________________________________________
Village: _________________________________________________________
District: ________________________________________________________

Name: _________________________________________________________
Village: _________________________________________________________
District: ________________________________________________________

Name: _________________________________________________________
Village: _________________________________________________________
District: ________________________________________________________
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PAST MEDICAL AND CLINICAL HISTORY
32.

33.

34.

35.

Does the child have HIV/AIDS?
1

Yes

2

No

3

Don’t know

4

Do not wish to answer

Does the child have other immunosuppressive conditions (including chronic
steroid treatment)?
1

Yes If YES, LIST: ___________________________________________

2

No

3

Don’t know

Does the child have a history of premature birth?
1

Yes

2

No

3

Don’t know

What was the child’s birthweight? ______________ grams
3

36.

What is the child’s current weight (please measure)? _____________grams
3

37.

Don’t know

Don’t know

What is the child’s current height (please measure)?_____________centimeters
3
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BELOW QUESTIONS FOR CASES ONLY—PLEASE OBTAIN
INFORMATION FROM HEALTH CARE WORKER OR MEDICAL
CHART. IF CONTROL, THEN SKIP TO QUESTION 56
38.

39.

40.

Is the primary reason for the emergency department visit or admission an illness
other than gastroenteritis (e.g., pneumonia, meningitis)?
1

Yes If YES, please list cause(s): _________________________

2

No

3

Don’t know

Was the child in the emergency room or admitted to the hospital for social reasons
(i.e., has diarrhea but does not have severe dehydration that typically requires
intravenous hydration)?
1

Yes

2

No

3

Don’t know

What was the child’s highest temperature? ______________ ºCentigrade
3

41.

42.

Did the child have vomiting?
1

Yes

2

No

3

Don’t know IF NO, OR DON’T KNOW, SKIP TO QUESTION 43

During this illness, what was the maximum number of vomiting episodes in
24 hours?______________
3

43.

Don’t know

How many days before admission did the vomiting begin?______________
3
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Don’t know

During this illness, what was the maximum number of diarrhea episodes in
24 hours?______________
3

45.

Don’t know

How many days before admission did the vomiting begin?______________
3

44.

Don’t know

Don’t know
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46.

47.

48.

49.

50.

51.

On arrival or admission (i.e., before rehydration), what was the child’s general
condition?
1

Well, alert

2

Restless, irritable

3

Lethargic or unconscious

4

Don’t know

On arrival, admission, or during the hospital visit, did the child have sunken
eyes?
1

Yes

2

No

3

Don’t know

On arrival or admission (i.e., before rehydration), what was the child’s thirst
status?
1

Drank normally, not thirsty

2

Thirsty, drank eagerly

3

Drank poorly, or not able to drink

4

Don’t know

On arrival or admission (i.e., before rehydration), describe the child’s capillary
refill when pinching the skin of the abdomen?
1

Goes back quickly (i.e., immediately)

2

Goes back slowly (i.e., 1-2 seconds)

3

Goes back very slowly (i.e., more than 2 seconds)

4

Don’t know

Did the child receive IV fluids for rehydration during the hospital stay?
1

Yes

2

No

3

Don’t know

What date was the stool specimen collected? _____ /_____ /_____
3
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53.

54.

55.

55.

Was a bacteria identified in stool?
1

Yes

2

No

3

Don’t know

4

Not tested

Was a parasite identified in stool?
1

Yes

2

No

3

Don’t know

4

Not tested

Was rotavirus identified in stool?
1

Yes

2

No

3

Don’t know

[INTERVIEWER] How did you obtain this clinical information?
1

Physician

2

Nurse

3

Parent or Guardian

4

Medical record

5

Don’t know

Please ask to look at the vaccination card for the child.
If child’s vaccination card is available, use it to document vaccination history on the
following page. If vaccination card exists, but is not present at the time of the interview,
record verbal report of vaccination history on this page and later complete vaccination
history by verifying through the vaccination card or medical record verification through
the health center where child was vaccinated.
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Rotavirus vaccine

*

1 = Yes

1 = Yes

2 = No

9 = Unk

Day

Day

Year

2 = No

Mon

Date
(fill completely)

Mon

Received vaccine?
(check one)

9 = Unk

Date
(fill completely)

Please confirm all verbal reports with vaccination card or medical record

MEASLES (right arm)

DPT / Hib / Hep. B

BCG (left arm)

2 = No

Received vaccine?
(check one)

Other vaccines on same day
the rotavirus vaccine?

ORAL POLIO 3

ORAL POLIO 2

ORAL POLIO 1

ORAL POLIO 0

Oral Polio
Vaccine

Rotavirus vaccine dose 3

Rotavirus vaccine dose 2

1 = Yes

Received vaccine?
(check one)

Vaccination card or recorded vaccination history

Rotavirus vaccine dose 1

56.

9 = Unk

Year

1 = Verbal*

2 = Card

3 = Medical Record

Source of report
(indicate source for each vaccine)

Health center where vaccinated
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Medical
Record
Number

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

_____/____/_____

Date received
(day/month/
year)

Name

Age in
months

Estimated
stool
amount (cc)
Bacterial
testing

Parasite
testing

Rotavirus
enzyme
immunoassay

Stool screening results

Sample stool specimen logbook

Annex 5:

G
serotype

G
genotype

Rotavirus-positive
stool characterization

Location
of stool
extract
storage

Location of
specimen
storage
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Case-patient 1

Case-patient ID

Name

Date of Birth

Address

Date of hospital
visit

Date of lab
testing for RV

Control 2
Control 3

Control 3

Control 1

ID of matched
neighborhood
controls (if case
is RV positive)
Control 2

Control 1

ID of matched
RV positive (Yes hospital controls
or No)
(if case is RV
positive)

Model line-listing form for tracking case-patients of rotavirus gastroenteritis includes case inclusion criteria information to allow for control selection

Annex 6:

Annex 7:
Effectiveness of a rotavirus vaccine - Consent form
(Case-patients)

Purpose and Procedures
We would like to tell you about a project studying a vaccine added to the immunization
program in [COUNTRY]. This is a project by the [COUNTRY] Ministry of Health,
[HOSPITAL NAME] hospital, and [OTHER COLLABORATORS]. In [DATE OF
VACCINATION PROGRAMA ONSET], [COUNTRY] started using a vaccine to
prevent infection with a germ called rotavirus. This germ infects young children and
causes diarrhea. It can cause severe diarrhea and dehydration requiring intravenous
fluids. Because many young children each year become sick or even die as a result of
this infection, the [COUNTRY] Ministry of Health started giving this vaccine to babies,
along with the other vaccines they have given for many years. We would like to learn
if the number of infections caused by this germ has fallen since the vaccine was started.
We are talking with you about this project because your child has been admitted to the
hospital with an infection that could be caused by this germ. When children become
sick with this germ, we would like to understand why.
You may choose to have your child be a part or not be a part of the project. If your
child does not join, s/he will continue to receive the treatment needed for this infection
and s/he will not lose any health care services. If you choose to have your child join the
project, we will ask you a number of questions as part of a survey. During this survey,
we will ask you questions about your child’s present and past health, including questions
about the vaccines s/he has received. We will also ask questions about your home
and the other children living with you. You may choose not to answer any question.
You may choose to leave the survey at any time you want. We will ask to look at
your child’s vaccine record, so we can check if s/he received the rotavirus vaccine.
We will spend 15-20 minutes to ask questions.

Risks/inconveniences
When we do the survey, the questions we will ask are general and not personal.
There should be no risk to you or your child in answering these questions.

Benefits
Your child may benefit from this survey if we learn that s/he is due for the rotavirus
vaccine or other vaccines. We can refer you to the local clinic to get the vaccine for
free. This project will help doctors here in [COUNTRY] to learn more about this
vaccine.
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Confidentiality
What we talk about will be kept as private as the law allows. To protect your child’s
privacy, we will keep the records using code numbers, not names. We will keep the
records in secure files, and only people working on the project will be allowed to look
at them. Your child’s name or other things that might point to your child will not appear
when we discuss this project.

Cost
There is no cost and no payment to you for taking part of the survey.

Conditions
You are free to allow your child to take part in the project or not. You may also stop
answering questions at any time, for any reason. If you decide not to allow your child
to join, or if you stop the survey, your child will not lose any health care s/he would
usually receive.

Persons to contact
If you have any questions about the survey or feel that your child has been hurt
in any way by taking part in the project, you may contact [NAME/TELEPHONE
OF STUDY INVESTIGATOR], one of the doctors working on the project,
at [HOSPITAL NAME].
If you have a question about your child’s rights as a patient in this project, or if you
are dissatisfied with this project in any way, please contact [NAME/TELEPHONE
OF STUDY INVESTIGATOR] at Ministry of Health in [COUNTRY].
I agree to let my child take part in this survey. I have been given a chance to ask questions and I feel all my
questions have been answered satisfactorily. I know taking part in this survey is my choice. I know after allowing my
child to take part in the survey, I may decide to pull out at any time. I will receive a copy of this consent form.
Name of child: _______________________________________ Date of birth: ____________________________
Name of Parent/Guardian:_________________________________________
Signature of Parent/Guardian: ________________________________ Date: ____________________________
(Put “X” if cannot sign name)
----------------------------------------------------------------------------------------------------------------------------------------------------------Person administering the consent: __________________________________
Signature of person administering consent: ______________________ Date: ____________________________
(For those who are unable to sign their name, a witness must verify and sign below.)
I have read and explained the consent form to the person named above and watched them indicate consent with a
mark.
Name of Interpreter/Witness: ______________________________________
Signature of Interpreter/Witness: ______________________________ Date ____________________________

Flesch-Kincaid Reading Level: 7.9
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Effectiveness of a rotavirus vaccine program Consent form (Controls)
Purpose and Procedures
We would like to tell you about a project studying a vaccine added to the immunization
program in [COUNTRY]. This is a project by the [COUNTRY] Ministry of
Health, [HOSPITAL NAME], and [OTHER COLLABORATORS]. In [DATE
OF VACCINATION ONSET], [COUNTRY] started using a vaccine to prevent
infection with a germ called rotavirus. This germ infects young children and causes
diarrhea. It can cause severe diarrhea and dehydration requiring intravenous fluids.
Because many young children each year become sick or even die as a result of this
infection, the [COUNTRY] Ministry of Health started giving this vaccine to babies,
along with the other vaccines they have given for many years. We would like to learn
if the number of infections caused by this germ has fallen since the vaccine was started.
We are speaking with children who have become sick with this germ, and other children
who have not. Your child is in this second group. We are talking with parents of young
children to see if their children have received this vaccine.
If neighborhood control: We are picking houses by chance, with a coin toss, and this
is how we came to your house.
If hospital control: We are picking children who were admitted to the hospital with
other illnesses, and this is how we came to speak with you.
You may choose to have your child be a part or not be a part of the project. If your
child does not join, s/he will not lose any health care services. If you choose to have
your child join the project, we will ask you a number of questions. During this survey,
we will ask you questions about your child’s past and present health including
questions about the vaccines s/he has received. We will also ask questions about the
home and other children living with you. You may choose not to answer any question.
You may choose to stop the survey at any time you want. We will ask to look at your
child’s vaccine history record so we can check if your child received the added vaccine.
We will spend 15-20 minutes to ask questions.

Risks/inconveniences
When we do the survey, the questions we will ask are general and not personal.
There is no risk to you or your child in answering these questions.

Benefits
Your child may benefit from this survey if we learn that s/he is due for the rotavirus
vaccine or other vaccines. We can refer you to the local clinic to get the vaccine for
free. This project also will help doctors here in [COUNTRY] to learn more about this
vaccine.

76

Generic protocol for monitoring impact of rotavirus vaccination on rotavirus disease burden and viral rotavirus strains

Confidentiality
What we talk about will be kept as private as the law allows. To protect your child’s
privacy, we will keep the records using code numbers, not names. We will keep the
records in secure files, and only people working on the project will be allowed to look
at them. Your child’s name or other things that might point to your child will not appear
when we discuss this project.

Cost
There is no cost or payment to you for taking part of the survey.

Conditions
You are free to allow your child to take part in the project or not. You may also
stop answering questions at any time, for any reason. If you decide not to allow
your child to join, or if you stop the survey, your child will not lose any health
care s/he would usually receive.
Persons to contact
If you have any questions about the survey or feel that your child has been hurt in
any way by taking part in the project, you may contact [NAME/TELEPHONE OF
STUDY INVESTIGATOR], one of the doctors working on the project, at [HOSPITAL
NAME].
If you have a question about your child’s rights as a patient in this project, or if you
are unhappy with this project in any way, please contact [NAME/TELEPHONE OF
STUDY INVESTIGATOR] at the Ministry of Health in [COUNTRY].
I agree to let my child take part in this survey. I have been given a chance to ask questions and I feel all my
questions have been answered satisfactorily. I know taking part in this survey is my choice. I know after allowing my
child to take part in the survey, I may decide to pull out at any time. I will receive a copy of this consent form.
Name of child: _______________________________________ Date of birth: ____________________________
Name of Parent/Guardian:_________________________________________
Signature of Parent/Guardian: ________________________________ Date: ____________________________
(Put “X” if cannot sign name)
----------------------------------------------------------------------------------------------------------------------------------------------------------Person administering the consent: __________________________________
Signature of person administering consent: ______________________ Date: ____________________________
(For those who are unable to sign their name, a witness must verify and sign below.)
I have read and explained the consent form to the person named above and watched them indicate consent with a
mark.
Name of Interpreter/Witness: ______________________________________
Signature of Interpreter/Witness: ______________________________ Date ____________________________

Flesch-Kincaid Reading Level: 7.9
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The World Health Organization has provided
technical support to its Member States in the
field of vaccine-preventable diseases since
1975. The office carrying out this function
at WHO headquarters is the Department of
Immunization, Vaccines and Biologicals (IVB).
IVB’s mission is the achievement of a world
in which all people at risk are protected
against vaccine-preventable diseases.
The Department covers a range of activities
including research and development,
standard-setting, vaccine regulation and
quality, vaccine supply and immunization
financing, and immunization system
strengthening.
These activities are carried out by three
technical units: the Initiative for Vaccine
Research; the Quality, Safety and Standards
team; and the Expanded Programme on
Immunization.
The Initiative for Vaccine Research guides,
facilitates and provides a vision for worldwide
vaccine and immunization technology
research and development efforts. It focuses
on current and emerging diseases of global
public health importance, including pandemic
influenza. Its main activities cover: i ) research
and development of key candidate vaccines;
ii ) implementation research to promote
evidence-based decision-making on the
early introduction of new vaccines; and iii )
promotion of the development, evaluation
and future availability of HIV, tuberculosis
and malaria vaccines.

The Quality, Safety and Standards team
focuses on supporting the use of vaccines,
other biological products and immunizationrelated equipment that meet current international norms and standards of quality
and safety. Activities cover: i ) setting norms
and standards and establishing reference
preparation materials; ii ) ensuring the use of
quality vaccines and immunization equipment
through prequalification activities and
strengthening national regulatory authorities;
and iii ) monitoring, assessing and responding
to immunization safety issues of global
concern.
The Expanded Programme on Immunization
focuses on maximizing access to high
quality immunization services, accelerating
disease control and linking to other health
interventions that can be delivered during
immunization contacts. Activities cover:
i ) immunization systems strengthening,
including expansion of immunization services
beyond the infant age group; ii ) accelerated
control of measles and maternal and
neonatal tetanus; iii ) introduction of new and
underutilized vaccines; iv ) vaccine supply
and immunization financing; and v ) disease
surveillance and immunization coverage
monitoring for tracking global progress.
The Director’s Office directs the work of
these units through oversight of immunization
programme policy, planning, coordination and
management. It also mobilizes resources and
carries out communication, advocacy and
media-related work.

Department of Immunization, Vaccines and Biologicals
Family and Community Health
World Health Organization
20, Avenue Appia
CH-1211 Geneva 27
Switzerland
E-mail: vaccines@who.int
Web site: http://www.who.int/immunization/en/

