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A Meeting on Preventing Congenital Rubella Syndrome (CRS): Immunization
Strategies, Surveillance Needs, was held in Geneva 12-14 January 2000. The meeting
was organized by the WHO Department of Vaccines and Biologicals (V&B),
with financial support from the US Centers for Disease Control and Prevention and
the March of Dimes Birth Defects Foundation. This was the first international meeting
on CRS and rubella since 1984.

CRS is an important cause of deafness, blindness, and mental retardation. It is estimated
that more than 100 000 cases occur each year, worldwide. Caring for CRS cases is
costly, even in developing countries. All cost-benefit studies of rubella vaccination,
in developing and developed countries, have demonstrated that the benefits outweigh
the costs and that rubella vaccination is economically justified, particularly when
combined with measles vaccine (all of these studies have been carried out in countries
with coverage >80%).

Rubella vaccine was first licensed in 1969. In recent years there has been substantial
progress in use of this vaccine around the world, and considerable information has
been gathered on rubella epidemiology.  By 1999, 105 (49%) of the 214 countries
and territories reporting to WHO had introduced rubella vaccine in their national
immunization programme. Enhanced diagnostic capabilities for febrile rash illness
(due to the rapid development of the global measles laboratory network) are unveiling
the large amount of rubella virus circulating around the world. For example, in 1999
in the WHO Region of the Americas 20% of all suspected measles cases were found
to be due to rubella.

The primary purpose of rubella vaccination is to prevent the occurrence of congenital
rubella infection (including congenital rubella syndrome, CRS). Two approaches are
recommended for CRS prevention – prevention of CRS only (through immunization
of adolescent girls and/or women of childbearing age), and elimination of rubella as
well as CRS (through universal vaccination of infants with/without mass campaigns,
surveillance, and assuring immunity in women of childbearing age). A policy of rubella
vaccination of adolescents and/or adults is essentially free of risks of increasing
susceptibles.  However, inadequately implemented childhood vaccination runs the
risk of altering rubella transmission dynamics and can lead to an increase in
susceptibility in women of childbearing age with the potential of increased numbers
of cases of CRS. Consequently, it is essential that childhood vaccination programmes
achieve and maintain high levels of coverage.

Executive summary
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Recommendations

1) All countries should assess their rubella situation and, if appropriate, make
plans for introduction of rubella vaccine and establishment of CRS/rubella
surveillance.

2) Two approaches are recommended for CRS prevention – prevention of CRS
only (through immunization of adolescent girls and/or women of childbearing
age), and elimination of rubella as well as CRS (through universal vaccination
of infants with/without mass campaigns, surveillance, and assuring immunity
in women of childbearing age). Decisions on which approach is taken should
be based on the level of susceptibility in women of childbearing age, the burden
of disease due to CRS, strength of basic immunization programme as indicated
by routine measles coverage, infrastructure and resources for child and adult
immunization programmes, assurance of injection safety, and other disease
priorities.

3) Countries wishing to prevent CRS should immunize adolescent girls and/or
women of childbearing age. The precise target population addressed will depend
on the susceptibility profile, cultural acceptability, and operational feasibility.
The most rapid impact would be achieved by a mass campaign for women of
childbearing age. Vaccination through routine services could ultimately achieve
the same protection, but after a delay, during which CRS cases will still occur.
All evidence to date indicates that rubella vaccine virus poses no risk of fetal
damage. Consequently, it is not necessary to screen women individually for
pregnancy before vaccination.

4) Countries undertaking measles elimination should take the opportunity to
eliminate rubella as well through use of  measles-rubella (MR) or measles-
mumps-rubella (MMR) vaccine in their childhood immunization programme,
as well as campaigns. All countries undertaking rubella elimination should
ensure that women of childbearing age are immune and that routine coverage
in children is sustained at >80%.

5) Countries which currently include rubella in their childhood immunization
programme should ensure that women of childbearing age are immune and
should move toward rubella elimination.

6) If a global measles eradication goal is established, rubella should be included.
Baseline estimates of the percentage susceptible in adolescents and adults,
or in pregnant women, will help in planning appropriate strategies for rubella
eradication.

7) Surveillance for CRS (as outlined in WHO guidelines) should be initiated as a
means of monitoring programme impact. The techniques adopted should be
appropriate to the local health services.

8) Countries introducing case-based surveillance for febrile rash illnesses should
establish integrated laboratory investigation for measles and rubella.
Other viruses causing febrile rash illness may be incorporated as appropriate.
A combined global measles-rubella laboratory network should be developed
and coordinated by WHO, with partner organizations and member countries,
to facilitate sufficient laboratory support and quality control at the country
level. Periodic serologic studies of younger pregnant or post-partum women
(15-19 years of age) can provide an ongoing assessment of the susceptibility
profile of this risk group.
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9) Rubella vaccination coverage should be measured in an accurate and timely
way, by age and locality. Measuring coverage in infants and young children
can be done through routine systems but extra efforts are needed to routinely
assess levels of coverage in adult groups.

10) Rubella vaccine should be considered as a priority vaccine for initiatives
(such as the Global Alliance for Vaccines and Immunization (GAVI) and the
Gates Children’s Vaccine Program) to introduce new or underutilized vaccines
in developing countries.

11) The analysis of vaccine demand, supply, and production capacity currently
underway should be continued and regularly updated in order to help planning
of purchases and ensure vaccine availability. Production capacity of vaccine
manufacturers may have significant implications for inclusion of MR or MMR
vaccine in measles elimination campaigns.

12) There is a strong need for panels of standardised rubella specimens to establish
a laboratory-based quality assurance programme and allow assessment of
rubella testing protocols. Reference reagents (e.g. IgM sera) should be identified,
characterised, and made readily available.

13)  As countries implement rubella elimination measures, efforts should be made
to collect virus samples to allow establishment of a genetic baseline and linkage
of control measures to circulating viruses.  Over the next 12 months informal
discussions will take place to establish the need for a comprehensive rubella
genetic database and systematic naming procedure. These discussions will be
reviewed and formal recommendations made at a meeting held in early 2001.

14) Development of non-invasive methods of specimen collection for rubella
surveillance and additional methods for detecting IgM antibodies to rubella
virus and viral RNA should be continued and evaluated over the course of the
next 12 months. Efforts should be made to collect specimens from CRS and
congenital rubella infection cases worldwide in order to evaluate methods of
diagnosis of cases beyond the age of 6 months.
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1.1 Opening statement (Dr Melgaard)

Organizational changes at WHO, in part, have set the stage for this meeting.
In 1998, the Global Programme for Vaccines and Immunization (GPV) became the
Department of Vaccines and Biologicals (V&B). Immunization is one of the top
priorities at WHO. In addition, there has been an upsurge of support for vaccines
beyond WHO, with vaccines now on the global political agenda. There is increased
interest in making new and underutilized vaccines available, especially in developing
countries. The Global Alliance for Vaccine and Immunization (GAVI) was established
in 1999 and brings together WHO, the World Bank, UNICEF, the Bill and Melinda
Gates Foundation, the Rockefeller Foundation, the private sector, and other partners.
Through GAVI, a Global Fund for Children’s Vaccines will be launched formally on
31 January 2000 at the World Economic Forum in Davos, Switzerland. There has
been a call for debt relief for the heavily indebted poor countries, with the shifting of
funds accrued to the health sector in these countries. As one of the most cost-effective
health interventions, immunization is achieving high priority in this context. In sum,
new alliances and coalitions are resulting in increased resources being made available
for immunization programmes.

Rubella is not one of the vaccines currently under consideration by GAVI, nor has it
received substantial support from the global donor community. But this does not
reflect national interests: 105 countries currently use rubella vaccine (Figure 1), and
this sends to WHO and other global partners a message that rubella is not receiving
the attention it should receive.

This matter, as well as new activities related to measles elimination, have led WHO
to organize this international meeting on preventing congenital rubella syndrome
(CRS), the first such meeting since 1984. Key issues which this meeting needs to
address are:

• whether to include rubella elimination with measles elimination, considering
the constraints, the opportunities, the disease burden which could be prevented,
and the cost-benefit of rubella vaccination;

• whether there are places where rubella vaccine should not be recommended.

It would also be useful if the meeting can provide guidance on the appropriateness of
financing, facilitating, and promoting the use of rubella vaccine in the context of
GAVI.

1. Introduction
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Figure 1: Countries/territories with rubella vaccine in
their national immunization programme, 1999

1.2 Meeting administration

The list of meeting participants is included in Annex 1, the meeting agenda is attached
in Annex 2.

Meeting officers were:

Day 1: Dr Salisbury, Chair; Dr Cutts, Rapporteur;

Day 2: Professor Nkrumah, Chair; Dr McFarland, Rapporteur;

Day 3: Professor Banatava, Chair; Dr Kebede, Rapporteur;

Conclusions and recommendations: Dr Olivé, Chair; Dr Hinman, Rapporteur;
Dr Robertson served as Secretary throughout.

1.3 Historical review and summary of meeting objectives (Dr Olivé)

WHO wishes to thank the United States Centers for Disease Control and Prevention
(CDC) and the March of Dimes Birth Defects Foundation for their financial support,
which helped WHO to organize this meeting.

Rubella vaccine was first licensed in 1969, and thereafter it began to be used in
industrialized countries. The first two International Conferences on Rubella were
held at the Institute of Child Health in London, UK, on 18-20 November 1968 and
at the National Institutes of Health in Bethesda, Maryland, USA on 18-20 November
1969. Fifteen years later, an International Symposium on the Prevention of Congenital
Syndrome (CRS) was held at the Pan American Health Organization, Washington
DC, USA, on 13-15 May 1984.  After another 16 years, WHO has convened the
next international meeting on preventing CRS.

Data as of  December 1999

Rubella vaccine used
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WHO has not remained passive about CRS and rubella during the past 15 years, but
much of the work has occurred at the WHO regional level. In 1984, the WHO
European Region set a goal for rubella elimination by 2000; it established strategic
targets for coverage and surveillance of rubella and CRS. In the early 1990s, Salisbury
and Savinykh reviewed the global burden due to CRS for WHO1 , leading to EPI
Global Advisory Group recommendations on the use of rubella vaccine in 19912 .
In 1996, WHO sponsored a survey on worldwide rubella vaccine use, which
identified 78 countries using rubella vaccine in their national immunization
programmes. In 1997, WHO reviews on CRS disease burden3  and rubella vaccine
use4  in developing countries were published. In 1998, CAREC set a rubella/CRS
elimination target for 2000. In 1999, WHO guidelines for surveillance of CRS and
rubella were released5 .

Tables on use of rubella vaccine in countries, by WHO region, are included in
Annex 3. By 1999, 105 (49%) of the 214 countries and territories reporting to
WHO have introduced rubella vaccine in their national immunization programme;
this is about the same number of countries that have introduced hepatitis B vaccine.
Of the 105 countries and reporting areas that have introduced rubella vaccine, none
are least developing countries; 49 are developing countries, 13 are countries in
transition (including Eastern European countries and most of the newly independent
states of the former Soviet Union), 25 are developed countries, and 18 are territories,
protectorates, or self-governing areas. The proportion of countries using rubella
vaccine varies by WHO region: 2% of countries in the African Region, 20% in the
South-East Asia Region, 50% in the Eastern Mediterranean Region, 54% in the
Western Pacific Region, 68% in the European Region, and 79% in the Region of the
Americas (Figure 2). From 1996-1999 there was a substantial increase in the number
of countries using rubella vaccine in two WHO regions: the Americas and the Western
Pacific. Of note, these are the two regions where polio has already been eradicated.

1 Salisbury DM, Savinykh AI.  Rubella and congenital rubella syndrome in developing countries.
Document EPI/GAG/91/WP.15.  Presented at the EPI Global Advisory Group Meeting, Antalya,
Turkey, 14-18 October 1991.

2 Expanded Programme on Immunization.  Global Advisory Group Recommendations, 1991.
Rubella and congenital rubella syndrome, section 10.  Weekly Epidemiological Record 1992;67:28.

3 Cutts FT, Robertson SE, Diaz-Ortega J-L, Samuel R. Control of rubella and congenital rubella
syndrome (CRS) in developing countries, part 1: burden of disease from CRS. Bulletin of the
World Health Organization 1997;75:55-68.

4 Robertson SE, Cutts FT, Samuel R, Diaz-Ortega J-L.  Control of rubella and congenital rubella
syndrome (CRS) in developing countries, part 2: vaccination against rubella. Bulletin of the
World Health Organization 1997;75:69-80.

5 Cutts FT, Best J, Siqueira MM, Engstrom K, Robertson SE.  Guidelines for surveillance of
congenital rubella syndrome and  rubella, field test version, May 1999.  Document  WHO/V&B/
99.22.   Geneva: World Health Organization, 1999.
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Figure 2: Percentage of countries, by WHO region and global, with rubella
vaccine in their national immunization programme, 1996 and 1999

The world has now cumulated 30 years of lessons on use of rubella vaccine,
and some striking examples of how rubella vaccination strategies should and should
not be applied. Inadequate use of rubella vaccine can do more harm than good.
In any CRS prevention programme the priority is the protection of childbearing
aged women. Rubella immunization of adult women should be introduced at the
same time or before infant rubella immunization is started. The introduction of rubella
vaccine in the infant immunization schedule should only be considered when coverage
>80% can be assured on a long-term basis.

Finland provides a superb example of virtual elimination of rubella and CRS through
the appropriate application of rubella vaccination strategies. In 1975, Finland
introduced rubella vaccine for 11-13 year old schoolgirls. In 1982, MMR vaccination
of children was added, with two doses at 14-18 months and 6 years of age, and very
high coverage of 97% or higher was sustained. Vaccine was also given to selected
cohorts of older children and adults. Rubella outbreaks still occurred until 1991,
but these were mostly in males. No CRS cases have been reported since 1986.

A recent publication provides details of an increase in CRS incidence in Greece that
may have resulted from the misuse of rubella vaccination strategies6 . Rubella vaccine
was introduced in Greece in 1975, mainly as MMR vaccine provided for children in
the private sector, and coverage remained consistently below 50% in the 1980s.
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immunization in Greece: retrospective survey and systematic review.  British Medical Journal 1999;
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The proportion of women of childbearing age susceptible to rubella gradually
increased. In 1993, the country experienced a large rubella outbreak with 69% of
cases in persons >15 years of age. Sadly, 25 CRS cases occurred, and this is thought
to be the largest CRS epidemic in Greece since 1950.

Chile illustrates failure to take consideration of the need to introduce rubella
vaccination for women of childbearing age prior to the introduction of childhood
vaccination. In 1996, Chile conducted a follow-up campaign to immunize children
1-14 years with MMR vaccine, but there was no systematic immunization of women
of childbearing age. In 1998-1999, a rubella outbreak occurred and surveillance
data showed a right shift in the age distribution of rubella cases, with rubella cases
reported among pregnant women. This is an example of what not to do with rubella
vaccine.

Cuba, in contrast, provides an example of appropriate use of rubella vaccine.
Cuba was the first Latin American country to introduce rubella vaccine in 1982.
The focus was initially on selective vaccination of 12 year old girls. In 1986, mass
campaigns were carried out to deliver rubella vaccine to women 18-30 years of age.
In 1986-1987, mass campaigns were used to deliver MMR vaccine to males and
females aged 1-14 years. In 1988, routine infant immunization was introduced at
12 months of age. After 1991, infant coverage with MMR vaccine was sustained at
99-100%. With this combination of strategies rubella infection and CRS have been
eliminated in Cuba.

As of 1999, 113 countries have adopted national measles elimination goals
(Figure 3). Moreover, three regions have established measles elimination goals: the
WHO Region of the Americas for 2000, the WHO European Region for 2007, and
the WHO Eastern Mediterranean Region for 2010. A key question for this meeting
is whether rubella vaccine should be considered when measles mass vaccination
campaigns are organized to prevent measles outbreaks or to eliminate measles. There
is a strong impetus for countries to consider such a strategy. First, the differential
diagnosis of rash and fever includes rubella. Enhanced diagnostic capabilities for
febrile rash illness (due to the rapid development of the global measles laboratory
network) are unveiling the large amount of rubella virus circulating around the world.
For example, in 1999 in the WHO Region of the Americas 20% of all suspected
measles cases were found to be due to rubella.  Should rubella elimination be
considered along with measles elimination? The decision has been already been taken
in the English-speaking Caribbean countries and Suriname. Cost-benefit estimates
were highly persuasive: a 15-year projection indicated that 1500 CRS cases would
occur in these countries, with costs of USD 60 million to rehabilitate and care for
these children. In comparison, the cost for carrying out strategies targeted at CRS
elimination in the same countries was estimated at USD 4.5 million.
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Control

Outbreak prevention
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Figure 3: Countries according to measles control
and elimination goals, 1999

The objectives of this meeting are summarized as follows:

• to present and discuss country experiences and progress regarding rubella
control and elimination of CRS;

• to review experience and establish guidelines for CRS and rubella surveillance,
particularly in the context of surveillance for febrile rash illness already
developed for the elimination of measles;

• to discuss rubella vaccine demand and supply, along with other vaccine-related
issues;

• to discuss methods for assessing the need for rubella vaccine and the various
immunization strategies which can be employed;

• to present partner perspectives for the support of rubella control and CRS
elimination.

Based on guidance from the WHO Legal Counsel, final recommendations for the
meeting were prepared in a closed session that excluded representatives of
manufacturers of rubella vaccine.
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2.1 Hungary (Dr Straub)

Vaccination. Vaccines are mandatory and free of charge in Hungary; coverage is
>99% for all vaccines. In 1989, single-antigen rubella and mumps vaccines were
introduced for young children and teenage females. During 1989-1992, catch-up
rubella vaccination campaigns were carried out to deliver vaccine to selected cohorts
<20 years of age. In 1998, routine rubella vaccination was introduced for military
recruits. In 1999, the schedule changed to two doses of MMR vaccine at ages
15 months and 11 years. There is no rubella vaccination of women of childbearing
age.

Surveillance. Disease surveillance and birth defects surveillance are combined.
Rubella case reporting is mandatory within 24 hours, but rubella is a clinical diagnosis
and laboratory confirmation is not required; CRS cases are laboratory-confirmed.
Rubella has been a reportable disease since 1974. In the pre-vaccine era
(1974-1989), Hungary experienced an average of 33 208 rubella cases per year
(range 4000 to 149 766 cases), with epidemics every 5 years, and the highest incidence
was in children 3-5 years of age; 4 rubella deaths were recorded during this 15-year
period. During 1990-1998, the yearly average dropped to 1007 rubella cases;
however, these data are based on clinical diagnosis. In 1995-1996, there was an
outbreak of rubella in soldiers (born in 1968-1978); the outbreak spread into the
general population and resulted in 3 CRS cases. CRS epidemics occurred in 1975
(>10 cases) and 1980 (22 cases). Since 1989, only 3 CRS cases have been registered
(1 in 1996, 2 in 1997).

2.2 China (Dr Xu)

Vaccination. The locally-produced BRD-2 strain of rubella vaccine has been available
since 1994; the production capacity at the Beijing National Serum Institute is
some 6 million doses per year. Clinical trials conducted in China have shown the
BRD-2 rubella vaccine to be similar to the RA27/3 rubella vaccine, with high rates
of serological response and low rates of adverse reactions.  Imported MMR vaccine
has been available since 1996 in several large cities. Introduction of rubella vaccine
has occurred only in selected urban areas. Parents must pay for MMR and rubella
vaccines, and this is expected to be a problem if rubella vaccine is introduced in
poorer provinces. Most immunization programme efforts are currently focused on
implementing the national plan for measles control in China. Rubella vaccine has
not yet been introduced into the national immunization programme, but preliminary
planning has begun. The planned schedule for children calls for a first dose of
MMR vaccine at 8 months and a second dose of MMR vaccine or rubella vaccine at

2. Experiences with CRS
prevention and rubella control

outside the Americas
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7 or 12 years; this schedule has been implemented in only a few cities. The planned
schedule for women calls for rubella vaccination before marriage and post-partum;
this schedule has not yet been implemented. In 1994, a rubella vaccine mass campaign
was held in Shanghai for children 1-14 years of age; this was in response to a large
rubella outbreak in 1993.

Surveillance. Rubella is not included in the routine disease surveillance system,
but rubella incidence is monitored at sentinel surveillance sites. Sentinel
surveillance data from 1990-1997 show a major peak in rubella incidence in 1993
(incidence 98 cases per 100 000 population). There are no CRS surveillance data for
the country. A pilot CRS surveillance project is now starting in Beijing in conjunction
with a well-established birth defects surveillance project sponsored by Beijing
University and the United States Centers for Disease Control and Prevention. Several
urban outbreaks of rubella have been investigated in China. In 1993,
an outbreak occurred in Shanghai with nearly 60 000 rubella cases; the age
distribution showed 35% aged 5-9 years and 41% aged 10-14 years. In 1994,
an outbreak occurred in Beijing with more than 18 000 rubella cases; the age
distribution showed 47% aged 5-9 years and 40% aged 10-14 years. Serosurveys
among 2610 women aged 16-30 in 5 provinces showed 84% were immune to rubella.

2.3 France (Dr Levy-Bruhl)

Vaccination. In 1970, rubella vaccine was recommended for pre-pubertal girls and
susceptible women of childbearing age (16-45 years). In 1983, MR vaccine was
introduced for children at 12 months of age; in 1986, MR vaccine was replaced by
MMR vaccine. In 1986, a second dose of MMR vaccine was recommended for both
sexes at 11-13 years; in 1996, the second dose was moved to age 3-6 years.
Rubella vaccine coverage in children was around 40% in 1986, rose gradually to
about 80% in the early 1990s, and has stayed at that level. Rubella vaccine coverage
among women of childbearing age has remained low (<15%) from 1987-1998.
Immunization coverage is relatively lower in the southern part of France, and this is
attributable in part to anti-vaccine groups. There have been difficulties in getting
obstetricians to accept responsibility for post-partum immunization. Likewise, some
general practitioners in private practice do not feel responsible for conducting
childhood immunization.

Surveillance. There is no case-based rubella surveillance in France. Since 1976,
a network of 125 laboratories has participated in monitoring infections in pregnancy
and diagnosis of CRS. The network uses the rubella-specific IgM test and more
recently added the PCR test and the IgG avidity test. In 1997, the network confirmed
84 rubella infections in pregnant women, which resulted in 8 infants with CRS and
24 induced abortions. While 32 of the women had a history of previous pregnancy,
only 8 had previously received rubella vaccine. Rubella virus circulation persists in
France, especially in the south of the country. Serosurveys show a high level of
rubella susceptibility in teenagers (12% in females, 17% in males) and recurrent
outbreaks affect adolescents and young adults. Thus, there is an urgent need to increase
selective vaccination of women of childbearing age.
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2.4 Oman (Dr Al-Khusaiby)

Vaccination. Rubella vaccination began in March-April 1994, with a mass campaign
with MR vaccine targeted at children from 15 months through 18 years of age;
94% coverage was achieved (Figure 4). In October 1994, MR vaccine was introduced
for infants at 15 months of age; in 1997, MR vaccine was changed to MMR vaccine.
Since 1994, MR/MMR vaccine coverage has been sustained at >95% at the national
and district levels. There is no requirement for rubella vaccination of women of
childbearing age.

Figure 4: Annual incidence of rubella, Oman, 1985-1999

Surveillance.  In 1988-1989, a serosurvey showed 8% of women of childbearing age
remained susceptible to rubella.  In 1992, standard clinical and laboratory case
definitions for rubella and CRS were established with reporting required for all health
institutions, including the private sector. Throughout 1993, Oman experienced a
major rubella epidemic, with 1253 rubella cases and 39 infants with CRS. In 1999,
follow-up of the 39 CRS cases born in 1993 showed 16 dead, 12 living, and 11 not
traceable. Among the 12 living children with CRS (now 6 years old), 8 children had
abnormalities, including deafness (5 children); congenital heart disease (2 children);
eye disease (2 children); delayed development, mental retardation, cerebral palsy
(one child with each of these problems).  In 1996, Oman initiated febrile rash illness
surveillance nationwide, with serological testing of suspected cases for measles,
rubella, and dengue. Rubella incidence has declined dramatically, with 7, 4, and
5 rubella cases (all laboratory-confirmed) nationwide in 1997, 1998, and 1999.
CRS has nearly disappeared with one case each year in 1995 and 1997, and no CRS
cases in 1996, 1998, and 1999.  Discussion focused on the potential value of further
investigations of rubella and CRS cases, including molecular epidemiology studies
to determine the origin of the rubella virus, which is likely to have been imported.
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2.5 Australia (Mr Sam)

Vaccination. From 1971-1989, the Australian rubella vaccination programme was
mainly school-based and aimed at 10-14 year old schoolgirls and post-partum women.
In 1989, MMR vaccine was introduced for infants at 12 months of age and in 1994
for both teenage boys and girls. In 1998, the second dose of MMR vaccine was
changed from teenage to 4 years of age. Coverage has been high for infants (88% in
1999), but coverage for teenagers has not been accurately recorded. In 1998,
during the measles control campaign, MMR vaccine was given to more than 95% of
children aged 6-12 years. National serosurvey data after the campaign showed 95%
seropositivity in children of both sexes up to the age of 12 years, and in girls and
women up to the age of 49 years. However, seropositivity in older boys and men up
to the age of 49 years was only 89%. This deficit is due to the long period of selective
vaccination of girls only.

Surveillance. Most states and territories began notifying rubella in the early 1950s.
There has been a profound reduction in the incidence of rubella and CRS in Australia
since the introduction of rubella vaccination in 1971. Prior to this, there were large
outbreaks of rubella in adolescents and adults (often associated with mobilization of
populations during recruitment of troops) as well as in children. Between 1992 and
1997 reports to the National Notifiable Disease Surveillance System showed that
rates for rubella exceeded 20 cases per 100 000 population in 1992, 1993, and 1995
and declined to 7 per 100 000 in 1997. Altogether 61% of notifications in
1992-1997 occurred between September and December (spring), and 68% of reported
cases occurred in males. The incidence rate in males aged 15-22 years peaked at
153 per 100 000 in 1995, reflecting the lack of immunization in this cohort.
Information on the number of serologically-confirmed rubella cases in Australia is
presently incomplete, as there is no standard reporting format.

Data from the Australian National Acoustic Laboratory provide a rate of CRS in
Australia between 1954-1987, which underestimates the true rate of CRS because it
does not include children with only eye or heart defects, or any defects other than
deafness. In 1964, 177 children were recorded with deafness due to CRS. The annual
prevalence of CRS per 1000 live births peaked at 0.8/1000 in 1964 and remained
near 0.5/1000 through 1971. Following the introduction of schoolgirl vaccination in
1971, there was a sustained dramatic fall in CRS deafness; during 1978-1986, rates
were near or below 0.06/1000 (the expected background rate for genetic deafness in
the Australian population). From 1993-1997, when the Australian population was
approximately 19 million with an annual birth cohort of 255 000, there were
19 children reported to the Australian Paediatric Surveillance Unit with CRS
(annual rate of 0.015 CRS case per 1000 live births). Of the 19 CRS patients, 17 had
multiple defects (4 died) and 2 had deafness only. Another five infants had congenital
rubella infection (e.g. IgM positive) but no defects. Australia’s rate of CRS in recent
years exceeds that of the United Kingdom and the United States of America, but this
may be partly attributable to differences in reporting practices. Meeting participants
commented that the high proportion of CRS cases with multiple defects suggests
that children with deafness alone or cataract alone are probably being missed.
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Paediatricians and researchers at the Royal Alexandra Hospital for Children in Sydney
have actively followed-up children with CRS since 1967. Gregg’s original cohort
(n=50) were follow-up at 25 years7  and again at 50 years8 . A striking feature was
the high frequency of diabetes mellitus and hypertension. There was a progression
of cardiovascular disease, deafness, and cataract, as well as an increased death rate
from malignancy. Meeting participants commented that these are highly valuable
data on the long-term follow-up of CRS cases.

7 Menser MA, Dods L, Harley JD.  A twenty-five-year follow-up of congenital rubella.
Lancet 1967;2:1347-1350.

8 McIntosh EDG, Menser MA. A fifty year follow-up of congenital rubella.
Lancet 1992;340:414-415.
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3.1 Regional situation (Dr Castillo)

Of the 47 countries in the WHO Region of the Americas, 40 report rubella while
only 20 countries currently report CRS. For 1998, there were 136 000 rubella cases
and 41 CRS cases officially reported, with 92% percent of the rubella cases from
Argentina, Mexico, and Venezuela. Provisional data for 1999 show that 26% of the
33 633 febrile rash illness cases in the region were due to rubella. In the Americas
improved surveillance is identifying a “sea of rubella”. The proportion of cases
occurring among adults is increasing, and often outbreaks start at workplaces and
schools. Costa Rica and Chile provide recent examples.

Costa Rica experienced a large rubella outbreak in 1999, with a provisional total of
1432 cases reported by the end of October; this was the first rubella outbreak since
1987. The highest attack rates were in adults aged 20-39 years. This may relate to
routine use of MMR vaccine in children plus follow-up mass campaigns that targeted
children only. Some 500 rubella cases have occurred in pregnant women, who are
now under follow-up for pregnancy outcome by the social security system.  In response
to the outbreak, women aged 18-40 were offered MMR vaccine in a campaign carried
out in two phases: non-pregnant women and then pregnant women. Assessment of
the campaign strategy is still underway, but it is known that more than 60% the
campaign costs were due to social mobilization to inform women about the safety of
rubella vaccination.

Chile was the first Latin American country after Cuba to implement national rubella
vaccination, but this was through MMR vaccination of children. This strategy has
led to a shift in the age distribution of rubella cases: in 1989, more than 70% of cases
were in children 0-9 years of age, whereas in 1998-1999 nearly 70% were in persons
10-19 years of age (Figure 5). The shift in the age distribution is supported by
serological data.  In 1999, Chile implemented a mass rubella vaccination campaign
for women 10-29 years of age, and 98% coverage was achieved nationwide.
Preparing for the campaign required political commitment, a social communication
strategy, participation of scientific and medical societies, and active participation of
health workers.

3. Experiences with CRS
prevention and rubella control

in the Americas



�����������	
������������� �����
��������

Figure 5: Age distribution of rubella cases*,
Chile, 1989 and 1998

In 1999, the PAHO Regional Technical Advisory Group on Immunization
recommended that all countries : incorporate MR or MMR into their childhood
vaccination schedules; initiate rubella and CRS surveillance; integrate rubella
surveillance with measles surveillance; and collect some nasopharygeal specimens
from every outbreak for rubella virus isolation studies. Countries wishing to control
CRS rapidly were advised to conduct a rubella vaccination campaign for women 5-
39 years of age. Countries wishing to control CRS and rubella rapidly were advised
to conduct rubella vaccination campaigns for women and men aged 5-39 years. CRS
surveillance guidelines developed by CAREC are being used for the entire region,
and the regional measles epidemiological surveillance system has been revised to
include information about rubella.
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3.2 English-speaking Caribbean countries (Dr Irons)

During the 1970s, rubella vaccination was introduced for pre-pubertal girls in several
countries of the English-speaking Caribbean and Suriname.  In the 1980s, 13 of the
19 member countries of the Caribbean Epidemiology Centre (CAREC) had rubella
vaccination programmes for pre-pubertal girls, and some were also providing vaccine
to women of childbearing age. Introduction of MR/MMR vaccine in public sector
infant immunization schedules started as early as 1978-1979 in some countries, but
most countries introduced infant vaccination in the 1980s. By 1996, all CAREC
countries had introduced MMR vaccine.

The measles elimination surveillance system instituted in September 1991 has been
helpful in monitoring rubella (Figure 6). This system revealed laboratory-confirmed
rubella cases in 12 countries during 1992-1996, with epidemics in six of these
countries. Although rubella had been a notifiable disease throughout the countries,
CRS was not. In 1996, as one of the responses to the emerging rubella epidemics,
a surveillance system for CRS was implemented initially in four countries
(Barbados, Belize, Jamaica, and Trinidad and Tobago) and later extended to the other
countries. Forty CRS cases were reported during 1996-1998.

Figure 6: Proportion of suspected measles cases with final diagnosis of rubella,
CAREC member countries, 1993-1999 (provisional data, December 1999)

The goal to eradicate rubella and CRS was formalized by the Council for Human
and Social Development of the Caribbean Community (CARICOM), which resolved
on 21 April 1998 that every effort will be made to eradicate rubella and prevent the
occurrence of new cases of CRS in the Caribbean Community by the end of the year
2000. To stem the rubella epidemics and prevent further CRS cases, the following
initiatives were proposed: (i) mass vaccination of the susceptible population,
which was supported by cost-benefit analyses; (ii) implementation of a sensitive,
simple, and effective surveillance system; and (iii) vaccination of at least 95% of
each birth cohort. A PAHO Working Group convened in November 1998 felt that
it was not necessary to develop a new surveillance system specifically for rubella,

Source: Measles Elimination Surveillance System, CAREC
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but rather it was preferable to expand the present fever and rash illness surveillance
to provide information on rubella. Rash illness case investigation forms were
revised and diagnostic flowcharts were prepared. An important component of the
measles/rubella surveillance system is detection of rubella infection in a pregnant
woman. For all laboratory-confirmed cases of rubella infection during pregnancy, it
was recommended that relevant information should be entered into a rubella pregnancy
register and culturally appropriate counseling and medical follow-up should be assured.

Rubella vaccine mass campaigns have been planned by 18 of the 19 CAREC
countries. The target population, which includes males and females (most frequently
the age group 20-40 years), is approximately 2.2 million individuals. The campaigns
started in 1998; by the end of 1999, five countries had completed major vaccination
activity, and others were in progress. Rubella vaccine was used in one country,
MR vaccine in three countries, and MMR vaccine in 10 countries. Of the total target
population for all countries, 1.1 million (52%) had been vaccinated against rubella
by the end of 1999.

Guidelines for safe immunization practices in the campaigns include: (i) safe
syringe/needle practices (single-use disposable syringes, no recapping of needles,
special containers for collection of sharps and syringes, destruction of filled sharps
containers by incineration or burial), (ii) surveillance for needle stick injury,
and (iii) establishment and management of an adverse events registry.  MMR vaccine
(Schwarz measles strain, RA27/3 rubella strain, and Urabe mumps strain) was used
to vaccinate 892 074 persons. Altogether 474 adverse reactions to MMR vaccine
were reported (52 per 100 000 vaccinees). The most commonly reported event was
parotid swelling (32 per 100 000 vaccinees), which occurred mainly in adults.  There
were no case reports of anaphylactic reaction; however, 6 cases of “allergic type
reaction” (fever, skin rash, wheals, swollen hands, arms, and face) occurred within
24-48 hours after vaccination. One case of aseptic meningitis — a serious adverse
event — was identified as of the end of 1999; symptoms and signs of this patient
were transitory and there were no sequelae.

3.3 Cuba (Dr Galindo)

Vaccination. Rubella vaccine was introduced systematically by target group during
1982-1989; altogether 5.4 million persons were vaccinated during this period.
In 1982-1986, 95% of adolescents aged 12-17 years received monovalent rubella
vaccine. In 1986, 73% of women aged 18-30 years received monovalent rubella
vaccine.  Although abortion was not recommended, more than 1000 abortions were
carried out for women who received rubella vaccine during pregnancy.  From
September 1986 through December 1987 there was mass introduction of MMR
vaccine for children aged 1-14 years, with coverage of 96%. From 1988 onwards, a
single dose of MMR vaccine was given to children at 12 months of age, with sustained
coverage >90%.
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Surveillance (Figure 7). In Cuba, rubella became an officially reportable disease in
1962. In the pre-vaccine era, annual reported cases ranged from 51 rubella cases in
1963 to 70 172 cases in 1974. Rubella incidence peaked in 7-year cycles, and there
was no significant difference in attack rate by sex. During epidemics 49% of cases
occurred in children <15 years, compared with 71% of cases in this age group during
interepidemic periods. Following the large-scale introduction of rubella vaccine,
CRS and rubella disappeared rapidly from the country. In 1985, an outbreak initially
suspected as rubella was proved to be due to Echovirus 4. The last case of CRS
occurred in 1989 and the last case of rubella in 1995.

Figure 7: Annual reported cases of rubella, Cuba, 1964-1995

3.4 Mexico (Dr  Santos)

Vaccination. In 1998, immunization with two doses of MMR vaccine at 12 months
and6 years replaced monovalent measles vaccine nationwide. In 1998, MMR vaccine
coverage was 85% for one-year olds and 40% for six-year olds; in 1999, MMR
vaccine coverage rose to 92% for one year olds and 90% for six-year olds. National
plans call for further control of rubella and eventual elimination of CRS through:
(i) introduction of adult MR vaccination in 2000 for health care workers, teachers,
military personnel, tourist industry employees, and migrant workers; (ii) MR
vaccination in 2001 for all children aged 9-14 years.

Source: Ministry of Health, Cuba



�����������	
������������� �����
������� 

Surveillance. Measles and rubella have been notifiable diseases in Mexico since 1973.
In the epidemic years of 1990 and 1993, rubella incidence peaked at >75 cases per
100 000 inhabitants. Rubella case notification has significantly improved with the
development of a surveillance system for febrile rash illnesses.  During 1994-1996,
rubella accounted for 46% of febrile rash illnesses; during 1997-1999, 71% were
due to rubella. During non-epidemic years in the pre-vaccine era 19%of cases
occurred in 15-44 year olds; this has increased to 44% since rubella vaccine was
introduced. For epidemic years the shift in the same age group has increased from
23% in the pre-vaccine era to 35% since the vaccine was introduced.
Rubella serosurveys show a relatively high proportion (15-44%) of childbearing
aged women remain susceptible to rubella. Recently, the response to rubella outbreaks
has included identification of pregnant women with rubella and follow-up testing of
infants, and this is providing considerable data on the disease burden due to CRS.
A 1997 rubella outbreak in Baja California State led to 37 infants with CRS (incidence
of 4.1 CRS cases per 1000 live births). A 1998 outbreak in Tamaulipas State led to
eight CRS cases. Both of these outbreaks occurred mainly in women from rural
areas who had migrated to work in factories.
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4.1 Blindness and ocular involvement in CRS (Dr Gilbert)

Ocular involvement may occur in up to one-third of children with CRS. Globally
there may be as many as 50 000 cases of infant cataract each year due to rubella.
There are few population-based data on the prevalence, incidence, and causes of
blindness in children. It is estimated that 1.4 million children in the world are blind
and >70% live in poor countries. A hospital-based study in India found that 25% of
infants with congenital cataract had CRS, as diagnosed by rubella-specific IgM.9

The surgical correction of rubella-related cataract is difficult with many poor
outcomes; unfortunately, the rubella virus can persist in the lens of the eye for years
causing severe postoperative inflammation. Thus, prevention of CRS through rubella
vaccination would be a cost-effective intervention in the area of childhood disability,
including blindness.

Early ocular manifestations in infants are fairly characteristic and CRS can be
confirmed if a rubella IgM blood test is performed within the first 11 months of life.
However, not all infants with CRS have ocular manifestations, so the sole use of
these signs will underestimate the true incidence of CRS. Abnormalities detectable
by examination of the external eye include: congenital cataract (white pupil),
micropthalmos (small eye), glaucoma (large eye with hazy cornea), squint (eyes not
aligned), and nystagmus (wobbling eyes). Pigmentary retinopathy is the most common
ocular manifestation, but its detection requires more sophisticated examination and
equipment.

There are various sources of data on the incidence of CRS blindness and ocular
involvement. Records at eye hospitals/departments can be a good source of
retrospective and prospective data, particularly at institutions where infants are
treated. Residents of schools for the blind, deaf, or multiply handicapped can be
examined, but confirmatory serological testing for CRS is not possible in school-
aged children and such data will not be population-based. Moreover, many blind
children in developing countries die before they reach school age and some blind
children may not attend school at all. Registers of blind children may be available in
developed countries and in some of the Newly Independent States of the former
Soviet Union. Population-based surveys of childhood blindness require huge sample
sizes and are costly; they provide only cross-sectional data, and CRS is not likely to
be confirmed except in infants.

4. Field issues in detecting
CRS cases

9 Eckstein M, Vijayalakshmi P, Killedar M, Gilbert C, Foster A.  Aetiology of childhood cataract in
south India.  British Journal of Ophthalmology 1996; 80: 628-632.
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Worldwide, the five immunization visits in the first year of life offer the chance for
primary health care workers to check the eyes of infants for obvious eye signs of
CRS. Mothers should be asked if they have noticed a problem with the infant’s eyes.
A simple examination of the eyes for white pupil, small eyes, large eyes, or wobbling
eyes would require limited training and no equipment. Referral would be required to
confirm the eye findings, carry out a rubella IgM test, and treat.  These methods
would need to be pilot tested.  Discussion focused on the potential to carry out eye
screening during routine EPI visits. It was emphasized that the key would be
appropriate training of primary health care workers.  EPI workers are already familiar
with the eye signs due to measles and their prevention with vitamin A, so further
training in simple eye signs may be feasible. It was mentioned that a birth defects
monitoring system using volunteer physicians for infant screening has been useful
and successful in Latin America. However, in much of the developing world physician
services are in great shortage and most births occur at home.

4.2 Deafness and hearing impairment in CRS (Dr Smith)

Hearing loss occurs in up to 70% of CRS cases, and in a substantial proportion may
be the only clinical manifestation. Hearing loss present at birth is often not detected
until a later age. Hearing loss can also occur as a delayed manifestation of CRS;
the latest age at which this has been well documented is 10 years. The hearing loss is
bilateral, sensori-neural type in all grades of severity. There is no pathognomonic
audiogram that would allow for easy diagnosis of hearing impairment due to rubella.
Children with CRS can have conductive hearing loss with central auditory lesions.
These hearing impairments cause substantial problems with a child’s speech and
language development, educational progress, and socialization, especially when
combined with visual loss and other CRS defects.

There is a significant shortage of accurate, population-based data on the incidence,
prevalence, and causes of deafness and hearing impairment at all ages, especially in
developing countries. Current information shows that CRS hearing loss accounts
for between 2-35% of all cases of childhood deafness and hearing impairment, but
these figures are not derived from population-based data.

There is probably substantial underreporting of CRS hearing loss, mainly because of
the difficulties of testing hearing in young children, especially those aged 0-11 months,
the optimal time for serological confirmation of CRS. However, neonatal and infant
hearing testing has recently been revolutionized by the introduction of two newer
objective methods: (i) transient evoked oto-acoustic emission (TEOAE), which can
be carried out with minimal training and (ii) auditory brain-stem response (ABR),
a more sophisticated test that can provide information on the degree of hearing loss
and the probable site of dysfunction.  In developed countries, these methods are
currently being advocated as cost-effective for universal neonatal hearing screening;
however, to date, these methods have had little application in developing countries.
Primary level health workers and survey teams could be taught these newer methods
as part of a screening protocol to detect CRS hearing loss during case-based
surveillance and house-to-house surveys. Cost of the equipment is a limiting factor:
TEOAE equipment costs approximately USD 3000 for a portable screener and
ABR equipment costs USD 11 000 to USD 23 000.
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4.3 Kumasi, Ghana experience with CRS surveillance (Dr Lawn)

Kumasi is the regional capital for the Ashanti Region of Ghana. Kumasi has
approximately 1 million inhabitants and is served by the 800-bed Komfo Anokye
Teaching Hospital (KATH), in addition to a series of small government and private
health clinics. Rubella vaccine is not part of the national immunization programme
and rubella and CRS are not notifiable diseases. Between March 1996 and June
1997 infants presenting at KATH with signs suggestive of CRS were examined. If
criteria for clinically confirmed case of CRS were fulfilled, laboratory tests were
carried out and detailed information was obtained on the mother and her child. Chest
radiographs, electrocardiographs, and echocardiographs were obtained for a majority
of infants. TEOAE hearing screening equipment was available during a limited period
and two infants were tested. Retrospective record reviews for January 1993 through
June 1997 were carried out on KATH inpatient charts for infants and outpatient
charts from the KATH ophthalmology department.

Figure 8: Schematic of a 1995 rubella epidemic in Kumasi, Ghana

A total of 18 laboratory-confirmed and probable cases of CRS were identified,
6 prospectively and 12 retrospectively (Figure 8). All identified children were born
between October 1995 and February 1996; the mean age at presentation was
5.8 months. The incidence of children presenting with congenital cataracts in 1996
was 4.5 times higher than the mean annual incidence for other years in 1993-1997.
The dates of birth of these CRS cases indicate that there was a rubella epidemic
during February to May 1995. Using the 12 clinically and laboratory confirmed
CRS cases, gives an estimated rate of 0.8 CRS/1000 live births; however,
this probably represents only a fraction of cases, since milder cases (especially those
with hearing loss alone) were probably not detected and it is likely that more severe
cases died at home.  Professor Nkrumah mentioned that 8 CRS cases were identified
at the main hospital in Accra, the capital city of Ghana, one year after the Kumasi
outbreak.

Laboratory-
confirmed CRS

cases  (4)

Clinically-confirmed CRS
cases  (8)

Suspected CRS cases  (6)

Severe CRS cases who died at home  (?)

Milder CRS cases unidentified (?)

Rubella epidemic unidentified (?)

Source: J. Lawn et al.
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4.4 Vellore, India experience with CRS surveillance (Dr Samuel)

Vellore is a district headquarters town, population 500 000, in Tamilnadu, India.
The Christian Medical College Hospital (CMCH) is a multi-specialty non-profit
teaching and referral hospital in Vellore. The community also has a district
headquarters hospital, municipal outreach health services, and many private clinics.
Passive laboratory-based surveillance for CRS at CMCH identified children aged
0-35 months for whom rubella-specific IgM testing was requested during January
1996 through December 1999. Based on these names, the clinical histories were
obtained from hospital and outpatient records. Altogether 202 suspected CRS cases
were identified at CMCH, 46% from neonatology services, 44% from pediatric
services, 7% from outreach services, and 3% from specialty services (hepatology,
hematology, and neurology). From the 202 suspected cases, 8 were laboratory
confirmed as CRS, 4 were laboratory confirmed as congenital rubella infection, and
28 were clinically confirmed as CRS. Most of the laboratory-confirmed cases were
born in 1996, but detected in 1997. The investigations also identified a rubella
outbreak, which occurred among medical and nursing students and staff at the hospital
during February through April 1996.

4.5 USA experience with CRS case definitions (Dr Reef)

In May 1999, CDC convened a workshop on CRS elimination in the USA10.
Because of the goal of eliminating all indigenous cases of rubella and CRS in the
USA by the end of 2000, there is a need to maximize sensitivity so that all CRS cases
are detected. In 1969, when rubella vaccine was licensed in the USA, an expert
panel met to establish case definitions used to categorize the CRS cases reported to
the National CRS Registry. The CRS surveillance system is a passive system in
which state and local health departments receive reports of infants with CRS and
then submit reports to the National Registry. During 1995-1999, there was an annual
average of 212 reported cases of rubella and 5 CRS cases.

A review of CRS cases reported in the scientific literature confirmed that hearing
impairment was the most frequent clinical manifestation of CRS and was more likely
to present as a single defect than the other clinical manifestations. Among CRS
cases reported to the National CRS Registry, 13% had only one defect, 24% had
two defects, and 63% had 3 or more. Relatively more cases in the literature review
had one or two defects only. This difference may reflect a bias of passive surveillance
toward more complete reporting of severe cases.  Estimates of the predictive value
positive (PVP) of specific birth defects for the detection of CRS cases were calculated
using two different data sets. For single defects such as cataracts, hearing impairment,
and cardiac defects, the PVP was 12% or less for single defects; for low birth weight
(<2500 grams) the PVP was <1%.  The PVP was much better for combinations of
two or more defects.

1 0 Reef SE, Plotkin S, Cordero JF, et al.  Preparing for congenital rubella syndrome elimination:
Summary of the workshop on congenital rubella syndrome elimination in the United States.
Clinical Infectious Diseases (in press).
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The May 1999 Workshop concluded that the current CRS surveillance system
provides a strong foundation, but suggested modest changes to improve CRS
ascertainment. One change would be to conduct serological testing of infants with
any single defect associated with CRS (e.g. hearing loss, cataracts, patent ductus
arteriosus, or infantile glaucoma). New requirements for universal hearing screening
of newborns in the USA will provide an opportunity to identify infants with CRS,
especially because hearing impairment is the most common single defect associated
with CRS. Thus, the CRS case definition was modified to reflect this advice,
emphasizing that hearing impairment is the most common single defect in infants
with CRS. Another change was the addition of PCR testing as an alternative method
for identification of rubella virus.
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5. Surveillance guidelines for
measles and rubella

5.1 Febrile rash illness surveillance as part of measles control/elimination
(Dr Henao Restrepo)

As of 1999, 113 countries have established measles elimination targets and their
activities are aimed at interrupting the circulation of wild measles virus. The remaining
countries/reporting areas are in the measles control phase. Current WHO
recommendations for countries in the measles control phase are to report measles
cases by month and by district; to investigate outbreaks, including the age distribution
of cases and their vaccination status; and to monitor measles vaccine coverage by
district.

Current recommendations call for countries in the measles elimination phase to carry-
out case-based measles surveillance, so that age, vaccination status, and laboratory
findings are known for every suspected case.  Most countries in the measles elimination
phase have also established a rubella elimination target. In this situation WHO
recommends that surveillance for suspected measles and suspected rubella is carried
out jointly as febrile rash illness surveillance. Already, many laboratories in the global
measles network are testing specimens from patients with febrile rash illness. Data
from different parts of the world illustrate the system. In the WHO Region of the
Americas more than 42 000 rash and fever cases were investigated in 1999, with
20% confirmed as due to rubella (Figure 9). In the WHO Eastern Mediterranean
Region, 4 countries (Iran, Oman, Syria, and Tunisia) tested specimens from 1735
suspected measles cases in 1998-1999; 50% of these were measles IgM positive. In
Tunisia from January through June 1999, 251 suspected measles cases were
investigated: 39 (16%) were laboratory confirmed as due to measles and 133 (63%)
were due to rubella.
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Figure 9: Classification of 42 382 suspected measles cases reported in 1999,
WHO Region of the Americas (provisional data as of the 52nd week of 1999)

Another aspect of measles elimination is the need to conduct catch-up and follow-up
measles mass vaccination campaigns. At present, most campaigns are using measles
vaccine, but some countries are using campaigns to deliver MR or MMR vaccine.
In some countries, particularly in the Caribbean, the target age groups for mass
campaigns have been greatly expanded in recognition of the different epidemiology
of rubella.

5.2 CRS surveillance guidelines for the Caribbean (Dr Lewis)

Prior to 1996 no specialized system for surveillance of CRS existed in the Caribbean.
Following a resurgence in reported rubella morbidity in the Caribbean sub-region
during 1995-1996, surveillance for CRS was formalized. Based on the advice of a
multidisciplinary team of pediatricians, epidemiologists, and laboratory scientists
convened in 1996, the existing case definition for CRS was refined, a CRS case
investigation form was created, and a CRS reporting algorithm was established.
All these documents were disseminated to the 21 CAREC member countries.
Through this system, during 1996, 1997, and 1998 there were 9, 22, and 9 cases of
CRS notified.
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In November 1998, a multidisciplinary working group was convened to review the
components of the existing CRS surveillance system and to suggest further
refinements, in light of the April 1998 resolution of the Caribbean Community
(CARICOM) Ministers of Health to eliminate rubella and CRS from the Anglophone
Caribbean by 2000. CRS surveillance will (i) provide a surrogate indicator of recent
rubella virus circulation in the population; (ii) further demonstrate the public health
burden of rubella; and (iii) help to identify gaps in the rubella elimination strategy.
Because of difficulties in determining the etiology in older children, it was agreed
that CRS surveillance should focus on identifying incident cases less than one year
of age. The CRS case definition was modified, so that CRS should be suspected in
any infant with one or more of the following birth defects: hepatosplenomegaly,
congenital cataracts, patent ductus arteriosus, purpura, hearing impairment, or low
birthweight. The CRS case investigation form was restructured to be more user-
friendly and simpler to understand by a wide range of health care providers. The
clinical signs and symptoms of CRS were grouped according to organ system and
the previous categorization by Group A and B complications was removed.

5.3 Global surveillance guidelines for CRS and rubella (Dr Robertson)

In 1999, the WHO Department of Vaccines and Biologicals produced guidelines for
the surveillance of CRS and rubella11.  These guidelines were developed by a
multidisciplinary team which included epidemiologists, virologists, and a training
expert. Draft guidelines were circulated for comment among many groups including
the WHO Regional Offices, CAREC, selected immunization programme managers
in developing countries, rubella experts, measles experts, and members of the V&B
Steering Committee on Epidemiology and Field Research. The guidelines emphasize
methods for monitoring a rubella control/elimination programme. Monitoring vaccine
coverage in all the target populations is an essential activity. With respect to the
CRS case definition, the standard Group A and Group B classifications were retained;
however, like CAREC, the recommendation is to focus on identification of CRS in
children 0-11 months of age (Figure 10). The guidelines recommend febrile rash
illness surveillance for countries with goals for both measles and rubella elimination.
Algorithms were developed for the diagnosis of CRS and the diagnosis of febrile
rash illness. In addition, based on advice from reviewers, a section on diagnosis of
rash illness in pregnancy was prepared, including a diagnostic algorithm.

1 1 Cutts et al.   Op cit 1999.
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Figure 10: Algorithm for surveillance of congenital
rubella syndrome (CRS)

There is special emphasis on investigation of rubella outbreaks, as such outbreaks
may provide an opportunity to accumulate information on the CRS disease burden.
Because rubella outbreaks tend to persist several months or more and because CRS
is a late outcome of these outbreaks, there is time to conduct active surveillance for
CRS.  For immunization programmes, CRS surveillance requires communications
with specialists, including virologists, neonatologists, ophthalmologists, cardiologists,
and hearing specialists.

The guidelines describe two types of serosurveys: (i) antenatal sero-surveillance,
which can be used periodically to assess the level of susceptibility among women of
childbearing age; and (ii) large-scale population-based serosurveys which, when
combined with modeling, can be used to estimate the CRS disease burden.

Meeting participants queried whether countries need to obtain information on their
CRS disease burden as a consideration for introducing rubella vaccine. Several
participants indicated that their governments demand such local data before
considering introduction of a new vaccine. In some countries, multiple disease burden
studies have been required to establish public health need, given that vaccine
introduction is a costly matter. This is a particular concern with rubella vaccine
because governments must be committed to ensuring long-term high levels of
coverage once rubella vaccination has started. Adopting case definitions, establishing
surveillance, and tracking vaccine coverage are routine components of immunization
programme monitoring. In light of potential problems with low levels of rubella
vaccine coverage, programme monitoring is particularly relevant for rubella vaccine
and high quality monitoring will need to be carried out on a long-term basis.
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6.1 Experience of Brazil (Dr Siqueira)

The Brazilian immunization programme began in 1973; however, even into the early
1990s measles was still a significant cause of child mortality. In 1992, a national
measles mass vaccination campaign was carried out for persons 9 months to 14 years
of age. This led to a significant fall in measles incidence, although a measles epidemic
occurred in 1997, mainly among young adults. The introduction of MMR vaccine
began gradually in some states in 1992, but measles vaccine coverage needs to
be high before MMR vaccine is introduced. Each of the 27 states in Brazil has a
measles/rubella laboratory and an epidemiologist responsible for measles/rubella.
By 2001, MMR infant vaccination should be introduced in all states of the country
and MR vaccination should be conducted for women aged 12-39 years.

Laboratory diagnosis of measles and rubella is based on IgM ELISA tests of serum
specimens from suspected cases. The laboratory diagnosis is essential, since clinical
diagnosis of febrile rash illnesses is difficult. The large number of suspected cases
with rash illnesses requires some priority testing criteria based on the need to
implement epidemiological control measures. In Brazil, these criteria are: serum
collection 5-28 days after rash onset; priority testing for sera collected in new areas
with suspected cases; testing should include all age groups; and priority testing for
sera from pregnant women. In 1999, a provisional total of 30 585 febrile rash illnesses
were notified in Brazil: 2% were due to measles, 23% due to rubella with more than
half the rubella cases laboratory-confirmed (Figure 11).

In Brazil, the laboratory diagnosis for CRS and for pregnant women exposed to
rubella infection is based on rubella-specific IgM tests. For CRS and suspected rubella
in pregnancy, rubella-specific IgG tests are carried out when IgM is negative.
CRS data in Brazil are currently incomplete because the programme is new. In 1998
and 1999 there were 111 and 107 suspected CRS cases reported, of which 10 and 6
were laboratory-confirmed CRS cases; 12 and 5 were clinically-compatible CRS
cases; and 6 and 2 were congenital rubella infections. In 1999 there were 141 women
with confirmed rubella in pregnancy: 98 were laboratory-confirmed; 43 were
clinically-confirmed. For success of CRS/rubella surveillance, it is essential to have
systematic training of both epidemiologists and laboratory staff and to ensure that
they maintain good relationships.

6. Laboratory issues related to
routine surveillance
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Figure 11: Classification of 30 585 rash illness cases notified in Brazil in 1999
(provisional data as of December 1999)

Discussion focused on the costs of this system and the role of state versus national
laboratories. Vaccines and IgM tests are free of charge in Brazil. In 2000, the Ministry
of Health in Brazil will spend USD 1 million for IgM test kits alone. The state
laboratories conduct IgM tests with kits; the national laboratory in Rio de Janeiro
conducts training of the state laboratories, maintains quality control, and carries out
IgG tests, virus isolation studies, and genotyping for measles virus.

6.2 Global measles laboratory network  (Mr Featherstone)

The role of the laboratory in measles control and elimination is multifold. In monitoring
and verifying virus transmission, the laboratory functions to confirm outbreaks as
due to measles; confirm suspected cases as due to measles; identify measles virus
strains; and, where feasible, performs differential diagnoses, most often for rubella
and dengue. The laboratory may also be charged with monitoring the susceptibility
profile of the population by serological studies that examine age-group susceptibility
or evaluate the response to mass campaigns. The global measles laboratory network
consists of national laboratories, regional reference laboratories, and specialized
reference laboratories (Figure 12).
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National laboratories are selected based on existing expertise in diagnosis of measles
or other vaccine preventable diseases. There needs to be strong infrastructure,
including links with the national immunization programme, with established
communications and reporting systems.  During 1998-2000, WHO virology staff
have organized or will be organizing regional or sub-regional measles laboratory
training workshops in different parts of the world, so that national laboratories will
be prepared to become operational. The workshops provide training in standardized
methods, including specimen transport, IgM tests (measles, rubella, dengue).
The IgM ELISA test has been selected because only one sample is usually required,
most measles IgM tests have sensitivity and specificity >90%, and they are easy and
rapid to perform. Measles virus isolation is recommended for about 10 specimens
per outbreak: urine or nasopharyngeal specimens are collected within 6 days of rash
onset based on standard protocols. Virus isolation is generally carried out at regional
reference laboratories and specialized reference laboratories. Two of the specialized
reference laboratories (Centers for Disease Control and Prevention, USA and Central
Public Health Laboratory, UK) maintain measles virus strain banks and are involved
in the molecular surveillance of measles virus. In 1999,WHO sponsored a meeting
which established an international nomenclature for measles viruses.

Discussion was lengthy. Concerns were raised about whether the polio laboratory
network is completely separate from the measles laboratory network and why these
have not been integrated so as to have a single national laboratory for diseases slated
for control/elimination/eradication. It was explained that the polio and measles
laboratory networks are administratively separate; however, many of the national
laboratories are in the same institute or even in the same laboratory. Further concerns
were expressed that rubella should be integrated into the measles laboratory network
now, as it is being set up. It was explained that, from the inception of the measles
laboratory network, rubella was designed to be a part; however, cost is the major
obstacle. In the Eastern Mediterranean Region, for example, rubella has been part of
the measles laboratory network from the beginning.

Figure 12: Proposed global laboratory network for measles
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7.1 Role of saliva in rubella surveillance (Dr Brown)

The mainstay of rubella diagnosis up to now has been the rubella-specific IgM test,
which is used to confirm recent rubella infection and congenital infection. The use of
saliva as an alternative sample to blood was first described in the late 1980s for a
sensitive IgM capture radioimmunoassay. This assay is robust and was introduced
for routine rubella surveillance in the UK in 199412. Although the saliva IgM assay
is sensitive and specific for surveillance, for diagnosis of rubella in pregnancy the
serum IgM assay is used.

Saliva specimens have been studied as a replacement for blood specimens in
community surveys to assess rubella-specific IgG. A recent study collected 853 paired
serum and saliva samples in Ethiopia. In children <10 years old, the IgG test using
saliva was 94% sensitive and 100% specific compared to the IgG test using blood;
however, the same sensitivity and specificity were not achieved with saliva specimens
from older age groups.  Rubella RNA can be detected in saliva using a PCR assay;
however, it is important to collect saliva soon after onset of symptoms (within a
week).

Discussion centered on why the IgM saliva test is not more widely used, especially
since it does not require venipuncture. In the UK saliva testing for both measles and
rubella has greatly facilitated surveillance for febrile rash illnesses.  Dr Brown, the
developer of the test, indicated that various commercial companies cited
“limited size of the current market” as their reason for not pursuing commercialization
of the saliva test.

7.2 Rubella PCR testing during pregnancy (Dr Katow)

Fetal infection with rubella virus has been diagnosed based on detection of the
viral genome in fetus-derived tissues (chorionic villi, amniotic fluid, or umbilical
cord blood) using a PCR test developed at the National Institute of Infectious
Diseases in Tokyo13. A total of 253 pregnancies were studied in Japan using this
PCR test. In 112 pregnancies the mother had a rash illness suggestive of rubella;
fetal tissues were PCR-positive in 41 (37%) of these 112 patients. In 141 pregnancies
the mother did not have a rash illness; fetal tissues were PCR-positive in only 7 (5%) of
these 141 cases. For 48 pregnancies with rubella PCR-positive tests, the outcomes

7. Reference laboratory issues

1 2 Ramsay ME, Brugha R, Brown DWG et al.  Salivary diagnosis of rubella:  as study of notified cases
in the United Kingdom, 1991-4.  Epidemiology and Infection 1998; 120:315-319.

1 3 Katow S.  Rubella virus genome diagnosis during pregnancy and mechanism of congenital rubella.
Intervirology 1998;41:163-169
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were: 2 infants with CRS, 5 healthy infants, 2 spontaneous abortions, 37 induced
abortions, and 2 unknown.  For 205 pregnancies with rubella PCR-negative results,
the outcomes were: no infants with CRS, 184 healthy infants, 5 spontaneous abortions,
15 induced abortions, and 1 unknown.

7.3 Newer methods for diagnosis of CRS (Dr Best)

Almost all infants with CRS will have detectable rubella-specific IgM in the first
6 months of life if tested by a reliable IgM capture enzyme immunoassay. Diagnosis
is also possible by detection of rubella-specific IgM in saliva. Rubella virus isolation
is done on Vero cells, which are readily available to tissue culture isolation laboratories.

There is a need to evaluate other assays for diagnosis of CRS in children older than
6 months. Most of the work on rubella virus persistence and excretion was carried
out during the 1960s before the introduction of rubella vaccine. It may be possible to
extend the time at which virus excretion can be detected by more sensitive assays
available today.  One study in India demonstrated that rubella virus RNA can be
detected by PCR in lens aspirates removed during cataract surgery in children with
CRS. Newer serological techniques may also be employed, but these also need
thorough evaluation. Rubella-specific IgG of low avidity may be detectable up to
3 years of age. Immuno-blotting and rubella peptide EIA may be useful in
distinguishing antibodies resulting from congenital infection rather than post-natal
infection.  It has been shown that many children with CRS do not develop a cell
mediated immune response to rubella (measured by lymphocyte transformation assays)
until 2-3 years of age; however, such assays are unsuitable for routine use.

7.4 Global strains of rubella virus (Dr Frey)

Based on analysis of the viral E1 gene, there are two genotypes of rubella virus:
Genotype I is present in Europe, North America, and Asia; Genotype II is present
in China, Israel and Korea and appears to co-exist with Genotype I viruses in these
countries14. While these genotypes differ by 7-11% at the nucleotide level, they
differ by less than 3% at the amino acid level and are of the same serotype. Therefore,
the biological significance of the evolution and maintenance of two genotypes is
unclear. Following the widespread use of rubella vaccine in developed countries
from the 1970s onward, a change in rubella strains occurred in which an
intercontinental genotype clade of Genotype I present in Europe, North America,
and Japan replaced the geographic clades from each continent.

There are still large areas of the world from which no rubella virus isolates have
been analyzed (Africa, Australia, and most of mainland Asia) and thus there could
be additional genotypes as well as unrecognized geographic clades of Genotypes
I and II. It will be important to obtain a selection of rubella virus isolates from these
regions before or concurrent with widespread introduction of rubella vaccination so
that the pre-existing endemic virus genotypes can be identified. WHO regional staff
expressed interest in helping in this regard, but had questions about what specimens
to submit for rubella virus isolates and requested detailed instructions for specimen
procurement and shipping. It was indicated that pharyngeal specimens were the best
specimens, although urine would also be suitable.

1 4 Frey TK, Abernathy ES, Bosma TJ et al.  Molecular analysis of rubella virus epidemiology across
three continents, North America, Europe, and Asia, 1961-1997. Journal of Infectious Disease
1998;178:642-650.
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8.1 Global vaccine demand estimates  (Dr Henao Restrepo)

An increasing number of countries are including rubella vaccine in their national
immunization programme: the number rose from 78 countries in 1996 to
105 countries in 1999, with the greatest recent increase in the WHO Region of the
Americas. In general, countries using rubella vaccine are the same countries
implementing measles elimination strategies, which include mass campaign delivery
of measles vaccine to wider age cohorts, in addition to routine immunization services.
Most of these countries have not yet established a formal rubella elimination target,
so their future vaccine needs have been planned based on measles elimination only.

Based on national plans, crude estimates of the number of children targeted to receive
selected vaccines during routine vaccination services each year is: 340 million doses
of measles vaccine, 40 million doses of MMR vaccine, 10 million doses of mumps
vaccine, and 1 million doses of rubella vaccine.  These data are complemented by
estimates of the number of individuals targeted to receive selected vaccines during
mass campaigns. For 1999, the campaign vaccine estimates were: 92 million doses of
measles vaccine and 8 million doses of MMR vaccine. Because of plans for increased
immunization activities needed to achieve measles elimination, it is projected that a
total of 463 million doses of measles vaccine and 8 million doses of MMR vaccine
will be needed for mass campaigns in 2002.  Combining the routine and mass campaign
measles containing vaccine needs for 1999 leads to a total estimate of 432 million
doses of measles vaccine and 48 million doses of MMR vaccine. Combining the
routine and mass campaign measles containing vaccine needs for 2002 leads to a
total estimate of 803 million doses of measles vaccine and 48 million doses of MMR
vaccine.

For comparative purposes, global needs were projected for two other freeze-dried
vaccines: yellow fever vaccine and Haemophilus influenzae type b (Hib) vaccine.
Large increases in needs for these vaccines are projected because of funding provided
through GAVI for their purchase in certain priority countries.  Thus the crude  annual
estimates for 2001 and 2002 are 100 million doses of yellow fever vaccine and 170
million doses of Hib vaccine.

8. Estimating vaccine needs
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8.2 Global production capacity for measles, MR, and MMR vaccines
(Dr Dellepiane)

The production cycle for measles, MR, and MMR vaccines is relatively lengthy, and
it includes the following steps: growth of the virus on tissue culture, virus harvest,
testing the product, preparation of the concentrated bulk, preparation of the final
bulk by blending the antigens and adding stabilizers, filling vaccine vials, and freeze-
drying the product. Once the final lot is prepared, further testing is required before
it can be labeled and released.  The time for production up to the concentrated bulk
is: 46-105 days for measles vaccine; 48-55 days for mumps vaccine, and 107-129
days for rubella vaccine. To this must be added the time from final formulation to
shipping: a minimum of 70 days for single antigens and a minimum of 80 days for
MR or MMR vaccine. Thus, the minimum total production time for MMR vaccine is
187-209 days (about 7 months).

WHO polled 6 United Nations suppliers of measles vaccine concerning their
production capacity: if only single-antigen measles vaccine is produced, their combined
capacity is 400 million measles vaccine doses per year. WHO polled 4 United Nations
suppliers of MR and MMR vaccines concerning their production capacity: assuming
all vaccine supplied is MR, their combined capacity is 160 million MR doses per
year; assuming all vaccine supplied is MMR vaccine, their combined capacity is 145
million MMR vaccine doses per year. If the vaccine is supplied from the 4 suppliers
as MR or MMR, the global capacity for single-antigen measles vaccine would drop
to about 180 million doses.

Several issues arose during the WHO discussions with the vaccine suppliers. Most
important, the market demand has not been clear until now and suppliers indicated
there was not sufficient lead time. The producers felt that the UN tenders were not
worth making investments in because prices are low and when a quote is made, the
proposed quantity of vaccines must be kept in stock even though there are no firm
orders. Newer and more profitable vaccines (specifically Hib vaccine) are competing
for the same freeze-drying capacity used for measles, MR, MMR, and yellow fever
vaccines. Manufacturers stated they needed incentives to make further investments
in vaccine production.

All participants agreed there is a clear need for better planning globally concerning
demand, as well as better planning (and advance planning) for vaccine purchases by
countries and agencies. WHO is committed to refining the global vaccine demand
estimates and updating them on a long-term basis, and staff are being hired to carry
out this work. There is hope to establish a partnership between WHO, UNICEF,
and the vaccine manufacturers based on transparency, firm contracts for established
quantities, and reasonable prices to be maintained for 3-5 years.

Lengthy discussion followed. Representatives of the vaccine producers indicated
that the global vaccine industry is not capable now of meeting the increased demand;
this will require increased investment and better technology. They emphasized the
need for better demand estimates and indicated that needs should be stated for
particular vaccine combinations (e.g. MR versus MMR vaccine).  Concern was also
expressed about whether new vaccine products or new combinations would be
needed.  It was mentioned that the RA27/3 rubella vaccine (the primary rubella
vaccine in use worldwide) is now off-patent and is produced by 7 manufacturers.



 ��������������

Participants wondered whether production of measles-containing vaccines would
move more into the developing countries. The prices of these vaccines in the current
UN tenders are listed below:

• measles vaccine, 10 dose vial USD 0.10 - 0.13 per dose

• MMR vaccine, 10 dose vial USD 0.62 - 0.75 per dose

• MR vaccine, single dose vial USD 0.47 per dose

There were concerns that vaccine manufacturers had been unable to meet the current
contracts and that there have been shortages of measles and MMR vaccines, in some
cases causing mass vaccination campaigns to be canceled or delayed.   One participant
urged that contracts should have penalty clauses for failure to deliver vaccines on
time. Programme managers indicated that more timely vaccine delivery would enable
better management of national immunization programmes.
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9.1 Waning of maternal rubella antibody in Ethiopia (Dr Kebede)

Results of a large cross-sectional serological study conducted in Addis Ababa,
Ethiopia during 1994-1995 were presented15. The study enrolled 1622 maternal-
infant pairs, with results available for 1563 infants and 846 mothers. Using the radial
haemolysis test to measure IgG, 95% of mothers were found to be seropositive,
suggesting a low risk of primary rubella infection during pregnancy. Serial blood
specimens were obtained for infants 0-11 months of age. Using a logistic regression
model, the half-life for maternal rubella IgG antibody in infants was 1.34 months
(95% confidence interval 1.27-1.53 months) with a cut off of 15 iu/ml, and
1.71 months (95% confidence interval 1.52-1.95 months) with a cut off of 8.6 iu/ml.
Among infants, the proportion seropositive at 6, 9, and 11 months was 6-13%,
1-4% and 0-1%, respectively, depending on the assay cut-off. This suggests that
rubella vaccination at 9 months of age would be little affected by residual maternal
antibody. Clinical trials in several other developing countries have found high rates
of seroconversion at 9 months of age.

9.2 Adverse events following administration of rubella, MR, or MMR
vaccine (Dr Duclos)

An adverse event is an untoward event temporally associated with immunization.
It may be programme-related (e.g. using an unclean syringe), related to the inherent
properties of the vaccine, or coincidental. Studies used to build hypotheses about
adverse events include spontaneous surveillance, case reports, case series, and
ecological studies, but these generally provide an incomplete picture. Mass vaccination
campaigns deliver a large number of vaccine doses over a short period of time, during
which there is often increased vigilance and awareness. Thus, during mass campaigns
there may be an apparent rise in adverse reactions; however, there may also be a real
rise in adverse events through programmatic mistakes.

Most live attenuated rubella vaccines use the RA 27/3 rubella virus strain, which is
produced on human diploid cells. Most live attenuated measles vaccines use strains
derived from the Edmonston measles virus strain and are produced on chick embryo
fibroblasts (some on diploid cells). There are a number of mumps vaccine strains
(Jeryl Lynn, Urabe, Leningrad 3, RIT 4385, etc.), which are produced on chick,
human, or quail embryo fibroblasts. Rubella, MR, and MMR vaccines also contain

9. Other vaccine related issues

1 5 Kebede S, Nokes DJ, Cutts FT et al.  Maternal rubella-specific antibody prevalence in Ethiopian
infants.  Transactions of the  Royal Society of Tropical Medicine and Hygiene (in press).
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buffering salts, antibiotics (ranging from none to 25-50 micrograms of neomycin or
kanamycin), small amounts of sucrose or sorbitol, glutamic acid and other amino
acids, and hydrolyzed gel. These are freeze-dried vaccines which need to be
reconstituted with the distilled water supplied by the manufacturer.

Following measles vaccination, adverse events include fever >38.6oC in about 5%
of vaccinees, rash and conjunctivitis in 2% of vaccinees, febrile seizure 1 per
3000 doses, thrombocytopenia 1 per 30 000 to 1 per 40 000 doses, encephalitis 1 per
million doses16. Allergic reactions, including anaphylaxis, occur in 1 per 100 000 to
1 per million doses. The allergic reactions are not caused by residual egg proteins,
but are due to other components such as gelatin. Intradermal testing for egg allergies
has little bearing on the final reaction to the vaccine; a history of allergy to eggs is no
longer considered a contraindication. Measles vaccines do not cause subacute
sclerosing panencephalitis, Guillain Barré syndrome, autism, or Crohn’s disease.

Following mumps vaccination, the most common adverse events are parotitis and
low grade fever. Febrile seizures and orchitis also occur. Aseptic meningitis, with
onset 15-35 days after vaccination and no permanent sequelae, is seen at different
rates with different mumps vaccine strains, varying from low to no risk for the Jeryl
Lynn strain to 1 in 1000 to 1 in 60 000 doses for the Urabe, Leningrad-3,
and Leningrad-Zagreb strains. Anaphylactic and allergic reactions after mumps
vaccine are the same as those after measles vaccine.

Following rubella vaccination, adverse events are usually mild and occur only in
susceptible individuals; the rates increase with age. Low grade fever, rash, and
lymphadenopathy of short duration occur occasionally. Transient joint pain
7-21 days after vaccination is seen in 25% of susceptible post-pubertal females,
compared with <1% of child vaccinees. Transient arthritis is seen in about 10% of
susceptible adult females, but chronic arthropathy has not been demonstrated.
Anaphylactic or serious allergic reactions are rare. HIV-infected persons can be
immunized with rubella vaccine when asymptomatic, but the vaccine should be
avoided in persons with advanced immunodeficiency.

Rubella vaccination in pregnancy caries a theoretical risk of CRS if the vaccine is
administered during or soon before pregnancy.  This is because the vaccine virus can
cross the placenta and infects the fetus in about 2% of susceptible mothers; however,
there is no evidence that fetal infection with vaccine virus is harmful. Prospective
registries in several countries have identified no infants with CRS born to known
seronegative women who received rubella vaccine within 3 months of conception;
thus the observed risk is zero. Based on data from these registries and using the
upper 95% confidence limit of the binomial distribution, the maximum theoretical
risk is <0.6% among women vaccinated within 3 months of conception with
Cendehill or RA 27/3 rubella strains, and the maximum theoretical risk is <2.5 %
among susceptible women vaccinated within the first 2 months of pregnancy with

1 6 Duclos P, Ward BJ. Measles vaccines: a review of adverse events.  Drug Safety 1998; Dec 19 (6):
435-454.
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RA 27/3 strain17 .  These maximum theoretical risks remain lower than the 3% risk
of a major congenital malformation in the general population. It was discussed that
there will always be an upper maximum theoretical risk greater than zero, no matter
how large a study is carried out. Some felt that vaccination in pregnancy could therefore
never be positively recommended.

The practical experience of several countries indicates that rubella vaccine is being
used without regard to pregnancy in some countries. In the UK, MR vaccine was
delivered in mass campaigns to persons up to 16 years, and the issue of pregnancy
was not raised. There has been considerable experience gained in the CAREC
countries, where substantial efforts went into developing appropriate public health
messages about rubella vaccination of women. They did not recommended that
women avoid pregnancy after rubella vaccination. This was because the more the
messages associate pregnancy and rubella vaccine, the more a negative message about
the vaccine is established.  In response to recent outbreaks in Chile and Costa Rica,
women were targeted to receive rubella vaccine as part of the outbreak response,
without regard to pregnancy. Several participants recommended that the data about
the zero observed risk of CRS associated with rubella vaccination in pregnancy
should be further emphasized by WHO, as this will be helpful to country
immunization programme managers.

1 7 Banatvala JE, Best JM.    Rubella (chapter 28)  In: Mahy BWJ, Collier L (eds).  Topley & Wilson’s
Microbiology and Microbial Infections, 9th edition.  London: Arnold, 1999.
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10.1 Rubella immuno-profile (Dr Cutts)

Serological data on susceptibility to rubella can be used to estimate the burden of
rubella and CRS, but their greatest application is in monitoring the effect of vaccination
programmes once rubella vaccine has been introduced.

Serosurveys of women of childbearing age provide an indirect estimate of the
likelihood of infection during pregnancy, and thus the level of risk of CRS. A review
published in 1997 identified serosurveys from 45 developing countries which had
enrolled >= 100 women of childbearing age18 . The proportion of women who were
seronegative to rubella was less than 10% in 13 countries, 10-24% in 20 countries,
and at least 25% in 12 countries.  In addition to this between-country variation,
some studies identified within-country variation.

Data on the percentage of persons in different age groups who are susceptible to
rubella can be used in mathematical models to estimate the incidence of CRS.
For example, a recent analysis used data from serological studies conducted in
countries prior to wide-scale rubella vaccination.19   A simple catalytic model described
the age-specific prevalence of susceptibility to rubella virus infection in given
populations and the mean annual incidence of CRS per 100 000 live births
was generated for five of the six WHO Regions.  The estimated mean incidence of
CRS per 100 000 live births was lowest in the Eastern Mediterranean Region
(77.4, range 0-212) and highest in the Region of the Americas (175, range 0-598).
The estimated total number of CRS cases in developing countries worldwide in
1996 (excluding the WHO European Region) was approximately 110 000
(range 14 000 to 308 000). This estimate excludes fetal loss from rubella infection,
which may be at least as frequent an outcome.

10. Evaluating strategy options

1 8 Cutts et al.  Op cit.  1997.
1 9 Cutts FT, Vynnycky E.  Modelling the incidence of congenital rubella syndrome in developing

countries.  International Journal of Epidemiology 1999;28:1176-1184.
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There are many potential biases in data obtained from cross-sectional surveys on
prevalence of rubella antibody; nonetheless, such surveys can provide useful
information in areas where other sources of data on the burden of CRS are not
available. Community-based surveys of the prevalence of antibody to rubella across
all age groups can provide data for modeling the force of infection of rubella,
and estimating the vaccination coverage needed to reduce rubella transmission towards
zero. For example, a community-based cluster sample survey of rubella sero-
epidemiology was conducted in Addis Ababa, Ethiopia in 199420 . Among
4666 individuals for whom complete data were available, rubella antibody prevalence
was 91%. The estimated average age at infection was 5.2 years and the highest age-
specific force of infection was estimated to occur in 5-9 year olds. The early age at
infection corresponds with a low estimated incidence of CRS of 0.3 per 1000 live
births, equivalent to 9 cases of CRS in 1994, in a city of 2 million population.
The predicted critical level of immunity for elimination of rubella via infant vaccination
was 85-91%, requiring 89-96% coverage with a rubella vaccine of 95% effectiveness.
Thus, unless very high coverage of rubella vaccine could be guaranteed,
the introduction of childhood vaccination could increase the incidence of CRS in
Addis Ababa.

Surveillance of susceptibility in pregnant women and/or women of childbearing age
provides direct evidence of the effect of vaccination on the population which is in
greatest need of protection from rubella, and may be used to monitor a programme
once rubella vaccine is introduced.  Data from Greece, for example, suggested that
the incompletely executed childhood MMR vaccination programme was ineffective,
with an increase over time in the proportion of pregnant women lacking rubella
antibody, from 12% in 1971-1975 to 36% in 1990-1991. In 1993, an outbreak of
rubella occurred leading to 25 serologically confirmed cases of CRS (a minimum
estimate since this only included cases diagnosed in the first 6 months of life)21  .
A similar situation might be expected in Italy, where MMR vaccine coverage is low,
particularly in southern Italy where only 37% of children under 7 years old are
vaccinated22 .

In the UK, serosurveillance has guided several rubella policy decisions23 .
Rubella vaccination of schoolgirls was discontinued after the 1994 MR vaccine
campaign, since only 3% of girls aged 5-10 years were susceptible. Susceptibility
will continue to be monitored in future cohorts in the UK to ensure that the current
two-dose MMR vaccination schedule maintains this level of immunity.  Antenatal
serological surveillance was used to identify groups of women at risk, and female
immigrants to the UK from countries lacking rubella vaccination programmes were
found to have higher levels of susceptibility to rubella, indicating the need for extra
educational programmes aimed at ensuring these women receive rubella vaccine.

2 0 Cutts FT, Abebe A, Messele T et al.
Serological epidemiology of rubella in urban Ethiopia.  Epidemiology and Infection, in press.

2 1 Panagiotopoulos et al. Op cit.  1999.
2 2 D’Argenio et al.  Field evaluation of the clinical effectiveness of vaccines against pertussis, measles,

rubella and mumps.  Vaccine 1998;16:818-822.
2 3 Miller E,  Waight P, Gay N et al.  The epidemiology of rubella in England and Wales before and after

the 1994 measles and rubella vaccination campaign: fourth joint report from the PHLS and the
National Congenital Rubella Surveillance Programme.  Communicable Disease Report 1997;
7:R26-R32.
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10.2 Modeling the impact of strategy options (Mr Gay)

Predicting the general effects of infant vaccination requires a mathematical model of
the transmission of infection. Various rubella transmission models have been developed
previously by Knox, Anderson and May, Grenfell, Van Druten and deBoo, and
Hethcote.

Four epidemiological scenarios were reviewed: low intensity of virus transmission
(e.g. Caribbean), medium intensity (e.g. Argentina, Romania), high intensity
(e.g. Saudi Arabia, Tunisia), and very high intensity (e.g. Ethiopia, Gambia). The age
distribution of infection changes after the introduction of childhood rubella
vaccination. In a low intensity transmission area, rubella immunization coverage of
children needs to be 50% or higher to reduce CRS. With higher intensity transmission,
higher levels of child immunization are needed to reduce CRS and in the highest
intensity transmission areas, rubella immunization coverage of children would need
to be sustained at >95% to reduce CRS. In some situations, where the coverage
level is not sustained at the necessary threshold, the model predicts an absolute
increase in the number of infections in adults — i.e. incomplete rubella immunization
can result in an increase in the incidence of CRS.

Recently published data from Greece demonstrate that the increase in CRS predicted
by models may have already occurred in the real world24 . MMR vaccination of
children at 1 year of age began in Greece in the private sector in 1975 and immunization
coverage remained <50% throughout the 1980s; there was no selective vaccination
of adolescent or adult females. In 1989, MMR vaccination at age 15 months became
compulsory; in 1991, a second dose of MMR vaccine was added at 11 years of age.
Serosurveys conducted in Athens showed that the proportion of pregnant women
susceptible to rubella rose from 10% in 1971-1975 to over 30% in 1990-1991.
In 1993 a rubella outbreak occurred, with >50% of cases in persons >15 years of
age; 25 CRS cases were identified, compared with 8 CRS cases notified in the whole
of the 1980s. The authors warned that their report “should serve as a cautionary
note on the potential hazards of the introduction of rubella immunization, especially
in countries that have difficulty in assuring high coverage because of lack of resources
or a limited tradition of public health.” There was another rubella epidemic in Greece
in 1999.

Serosurveys in several other European countries have recently provided important
data. In Finland, Netherlands, and the United Kingdom rubella susceptibility in women
of childbearing age remains <5%, reflecting attention to schoolgirl immunization
programmes in the past. In France, Germany, and Italy, rubella susceptibility in
women of childbearing age is high (15-25%).

2 4 Panagiotopoulos et al.  Op cit. 1999.
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Universal child vaccination has some scenarios which could lead to an increase in
the incidence of CRS if coverage is low, including:

• if childhood rubella vaccination is introduced in a poorly implemented
programme;

• if childhood rubella vaccination is introduced only in the private sector;

• if childhood rubella vaccination is introduced with high coverage but this is
not sustained, as could occur if there is a lack of resources to continue the
programme.

The following are pre-requisites for universal childhood rubella vaccination:

• well documented rubella epidemiology (seroprevalence data);

• ability to achieve high coverage;

• ability to sustain high coverage, including guaranteed resources to maintain
the programme;

• initial catch-up immunization of older susceptible adults with a routine dose
or a mass campaign (age groups depending on the epidemiology);

• implementation of surveillance to monitor the programme, including coverage,
rubella infections, and rubella susceptibility in women of childbearing age.

10.3 Economic analyses of rubella and MMR vaccines (Dr Hinman)

Cost analyses are of two types: cost-benefit analysis (CBA) and cost-effectiveness
analysis (CEA).  CBA looks at the overall balance of costs and benefits associated
with a particular programme by assigning a monetary value to all costs and all benefits,
including life. If the ratio of benefits to costs is greater than 1, then the intervention
is cost-saving. CEA answers the question: How much does it cost to achieve a
particular outcome (e.g. case prevented, year of life gained). In CEA, no attempt is
made to assign a value to life.  If the cost per year of life gained is less than or
equal to gross domestic product per capita, the intervention is usually considered
“cost-effective”.  Cost-utility analysis is a specific form of CEA in which outcomes
are reduced to a common denominator, such as quality adjusted life year (QALY) or
disability-adjusted life year (DALY). Cost-utility analysis is useful in comparing
interventions aimed at problems with different outcomes (e.g. death versus disability).

In developed countries there have been 5 CBA studies of rubella vaccine and 5 CBA
studies of MMR vaccine; these were carried out in Denmark, Finland, Norway, and
the USA. For rubella vaccine, the benefit-cost ratio ranged from 3:1 to 11:1, and for
MMR vaccine it was 3:1 to 23:1.

In developing countries, there have been 5 cost studies on rubella-containing vaccines
and 3 CBA studies. A study in Panama in 1989 found the annual cost of treating a
CRS case was USD 2291, while a study in Jamaica in 1997 found the annual cost of
treating a CRS case was USD 13 482.  In Guyana, the lifetime cost for prevalent and
incident CRS cases occurring during 1992-1997 was estimated at  USD 1.9 million.
In Barbados, the 15 year cost from 1997-2012 for treating CRS cases was estimated
at USD 5.5 million. For the English-speaking Caribbean and Suriname, a 15 year
projection in 1997 estimated 1500 CRS cases in the absence of immunization, which
would result in treatment costs >USD 60 million.
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Benefit-cost ratios for rubella/MMR vaccine were 5:1 in Barbados, 5.9:1 in Israel,
and 13.3:1 in the English-speaking Caribbean. This ratios are comparable to, or
greater than benefit-cost ratios for Hib vaccine and hepatitis B vaccine in developing
countries25 .

The United Nations scheme currently classifies 119 countries as developing,
and 46 countries as least developed. By WHO region, there are 29 least developed
countries in the African Region (60% of the 48 countries in the region), 1 in the
Americas (Haiti), 4 in the Eastern Mediterranean Region (Afghanistan, Somalia,
Sudan, Yemen), 5 in South East Asia (Bangladesh, Bhutan, Maldives, Myanmar,
Nepal), and 7 in the Western Pacific (Cambodia, Kiribati, Lao PDR, Samoa,
Solomon Islands, Tuvalu, Vanuatu).

Discussion clarified that the benefit-cost analysis for rubella vaccine (and for
hepatitis B and Hib vaccines) were carried out in developing countries, not in the
least developed countries.  Three points were raised concerning the least developed
countries: (i) cost studies may be difficult, since no costs would occur in the absence
of health care services; (ii) many of these countries may have very high rates of
natural rubella virus transmission, potentially keeping the risk of CRS relatively
low; (iii) routine immunization coverage tends to be lower in these countries
(<80%, and often lower).

10.4 Issues in assessing strategies (Dr Salisbury)

The following is a list of concerns that underlie policy considerations:

• For countries which do not have routine rubella immunization, there is a
temptation to conduct mass campaigns with MR or MMR vaccine rather than
measles vaccine.

• There may be an incentive for countries to report high immunization coverage
in order to obtain funding for rubella vaccine. Where true coverage is
substantially lower and rubella vaccine is introduced, this could lead to an
increased incidence of CRS.

• Shouldn’t countries also target mumps by using MMR vaccine, rather than
MR vaccine?

• Vaccination of adult women is known to be considerably more challenging
than child vaccination, as witnessed by the 44% global coverage for tetanus
toxoid in women.

2 5 Miller MA, Hinman AR. Cost-benefit and cost-effectiveness analysis of vaccine policy (chapter 45).
In: Plotkin SA, Orenstein WA (eds.)  Vaccines, 3rd edition.  Philadelphia: Saunders, 1999.
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Discussion concluded that mass campaigns can include MR or MMR vaccine,
but the need for rubella vaccination of adult women and routine rubella vaccination
with sustained high coverage must be underscored. A recent WHO publication
reviews the situation on mumps disease and mumps vaccines, and provides guidance
for immunization programme managers on the use of mumps vaccine.26  In most
countries, there are fewer data on the disease burden due to mumps, compared with
the disease burden due to rubella.  Where cost is a major issue, MR vaccine should
be used instead of MMR vaccine; however, the cost of MMR vaccine may be less in
some instances (MMR vaccine currently costs less than MR vaccine when purchased
through the PAHO tender).

Reaching the adult female target group may be difficult, but most countries have
some experience in this area. Schoolgirl vaccination is an option which may be
attractive where a high proportion of females aged 10-14 years attend school.
Asking traditional birth attendants (TBAs) to deliver rubella vaccine post-partum
may be possible, but it should be recognized that this could pose problems.
TBAs conduct home-based deliveries and they are not usually prepared to maintain
a cold chain, a vaccine supply, or other aspects of an immunization programme.
TBA training may be quite limited or not occur at all, and some countries have legal
restrictions on TBA practices.

Other options for reaching women through the immunization programmes may be
more successful. With tetanus toxoid, some countries have had success in vaccinating
mothers at their infant’s first visit to the routine immunization services for diphtheria-
tetanus-pertussis vaccine. Some of the lessons from CARICOM countries about
reaching adults in the workplace setting may be worth considering.

10.5 Why CARICOM chose rubella eradication

In 1988, the Ministers of Health in the Caribbean Community (CARICOM) resolved
to eliminate indigenous cases of measles from their countries. In 1991, two strategies
were implemented: (i) a catch-up measles vaccination campaign was conducted for
children aged 9 months to 14 years; (ii) an enhanced measles elimination surveillance
system was instituted in all countries. From 1995-1998, there were no measles cases,
but a total of 522 rubella cases was reported in 12 CAREC countries, with
rubella epidemics in Barbados, Belize, Guyana, Jamaica, Suriname, and Trinidad and
Tobago. In 1996, nearly 50% of rubella cases occurred in persons older than
15 years (Figure 13). In 1996 a surveillance system for CRS, including case definition,
case investigation forms and reporting algorithms, was developed and disseminated
to the countries. Subsequently more than 40 CRS cases were reported.

2 6 Galazka AM, Robertson SE, Kraigher A.  Mumps and mumps vaccines: a global review.
Bulletin of the World Health Organization 1999;77:3-14.
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Figure 13: Age distribution of laboratory-confirmed rubella cases,
CAREC member countries, 1997

Countries were encouraged to conduct cost burden studies for CRS. In Guyana,
it was estimated that the lifetime cost for prevalent and incident cases of CRS
between 1992 and 1997 was USD 1.9 million. Barbados estimated that the cost of
treating CRS cases in the next 15 years would be USD 5.5 million compared with
USD 1.1 million for an elimination initiative.

Data generated by a costing exercise performed by each country’s delegation to the
14th Caribbean EPI Managers’ Meeting in 1997 indicated that mass campaigns with
a rubella-containing vaccine to eliminate rubella virus and CRS would be highly
cost-effective in most Caribbean countries.  For the English-speaking Caribbean
and Suriname, it was estimated that a total of 1500 CRS cases would occur over the
next 15 years. Expenditures for rehabilitation and care of these cases, without counting
the human suffering, was estimated at over USD 60 million for the same period of
time.

Using the PAHO template for measles eradication, the main strategies proposed and
implemented for rubella and CRS elimination were: (i) mass vaccination of the
susceptible population (approximate age group 1-35 years); (ii) implementation of a
sensitive, simple and effective surveillance system; and (iii) maintenance of
rubella vaccination of at least 95% of each birth cohort. The implementation of the
strategy to interrupt rubella transmission and thus eliminate the occurrence of
CRS over this period would cost approximately USD 4.5 million. The cost-
effectiveness of CRS elimination through mass vaccination campaigns was estimated
to average USD 2900 per case of CRS prevented.

���
'�(����+,�+�-,�.����������
���,,��'����+��.���*-�

22%
5-9 years

23%
25-39 years

24%
15-24 years

22%
10-14 years

8%
0-4 years

2%
40 years or older



�����������	
������������� �����
������!�

The rubella prevalence data, rubella/CRS cost-benefit analysis, and data on the cost-
effectiveness of the mass campaigns were presented to the officials of the Caribbean
Community, chief medical officers, and other officials of the Ministries of Health of
the CAREC member countries.  On 31 April 1998, the Council for Human
and Social Development of the Caribbean Community (CARICOM), resolved that
“every effort will be made to eradicate rubella and prevent the occurrence of new
cases of CRS in the Caribbean Community by the end of the year 2000.” This was
the springboard needed by the countries to initiate planning for rubella mass
campaigns. By the end of 1999, rubella mass campaigns had been completed in
4 countries (Bahamas, Jamaica, Montserrat, and Trinidad and Tobago); in progress
in 12 countries; and planned for the remaining countries in 2000.

Meeting participants requested further information on how the adult population was
reached in the mass campaigns. Detailed public health planning was carried out,
with emphasis on taking rubella vaccine to the workplaces and scheduling this well
in advance. Education campaigns aimed at curtailing rumors. The greatest resistance
came from adult men, but refusal rates were low (<5%) once it was explained that
rubella vaccination could protect future unborn children. Lack of health care
personnel was not a problem; in fact, health care workers demonstrated strong
commitment to carrying out the rubella vaccination campaigns.

10.6 Recapitulation of strategy options (Dr Cochi)

The choice of strategy may depend on whether the goal is rubella control or rubella
elimination; whether the goal is preventing CRS only or preventing both rubella and
CRS; the timetable for achieving the goal(s); and the resources available. Six strategies
can be described: selective vaccination of schoolgirls; selective vaccination of
schoolgirls and women of childbearing age; routine childhood vaccination only;
combined vaccination of children and women of childbearing age; mass campaigns
for children and adolescents; mass campaigns for children, adolescents, and women
of childbearing age. Selective vaccination of schoolgirls provides direct protection
prior to the first pregnancy and it is relatively inexpensive to conduct school-based
immunization; however, the impact on preventing CRS is delayed by 10 or more
years until the childbearing period. Vaccination of schoolgirls and women of
childbearing age provides direct protection prior to the first pregnancy and immediate
protection to women of childbearing age, but it is logistically more difficult to reach
women and there may be concerns about pregnancy counseling prior to rubella
vaccination. Routine childhood vaccination requires high coverage to interrupt rubella
transmission, but it does not guarantee indirect protection of women of childbearing
age and risks leading to an accumulation of adult susceptibles. Childhood immunization
in the absence of adult female immunization poses a risk of increasing CRS incidence
unless very high coverage levels are sustained on a long-term basis. Introducing
vaccination of children and women of childbearing age provides immediate protection
to women, thus reducing CRS incidence directly and has the long-term potential to
eliminate rubella, although it may be difficult to achieve high coverage in both target
groups.

The rubella immunization strategies employed in the USA illustrate some of these
points. In the 1970s, rubella vaccine was initially introduced for males and females
between one year and puberty; the vaccine was not given after puberty because
there were no data on fetal risk from vaccination in pregnancy. This differs
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substantially from the situation today when studies in a number of countries have
shown that rubella vaccine poses no risk of fetal damage. Although the childhood
immunization strategy led to a decrease in rubella cases, it resulted in outbreaks in
older adolescents and young adults and eventually to an increase in CRS in 1978.
Therefore, in 1978 vaccination of women of childbearing age was added to the
programme, and efforts were made to introduce post-partum rubella vaccination,
vaccination of college students, and employment vaccination (for health care workers,
teachers, military, government employees, and industry employees). With the
combined strategy of childhood vaccination plus vaccination of women of childbearing
age, the number of CRS cases has been reduced to very low levels in the USA.

Use of rubella vaccine in a mass campaign for children and adolescents can interrupt
rubella transmission, at least in the short term; however, this strategy leaves a pool
of older susceptibles unprotected and risks a resurgence of rubella in adults. Use of
mass campaigns to reach children, adolescents and women of childbearing age has
the potential to eliminate both CRS and rubella; however, it is costly. Unless males
are also immunized, there is a risk of rubella outbreaks in males with possible spread
to susceptible pregnant females.  Many countries are currently conducting or planning
for mass vaccination campaigns as part of their measles control/elimination strategies,
so this provides an opportunity to include MR or MMR vaccine at a relatively small
marginal cost.

Including rubella vaccine in mass campaigns should not be carried out unless rubella
vaccination can be continued in the routine programme, and high levels of coverage
will need to be sustained.  Establishment of some form of rubella and CRS surveillance
is necessary to monitor rubella vaccination programmes.

Further documentation of the CRS disease burden in developing countries is an
essential next step. Rubella vaccine be considered as a priority vaccine for initiatives
to introduce new vaccines in developing countries.

Discussion led to comments concerning the WHO African Region where the progress
of immunization programmes has generally been slow. The Technical Advisory Group
for Immunization in Africa recently met in Harare. The two priority areas for the
region are polio eradication and neonatal tetanus elimination. Countries in the
southern Africa sub-region, where polio and tetanus are no longer major problems,
are considering a measles elimination target, but rubella vaccine has not been included.
However, rubella vaccine may be introduced on a country-by-country basis,
depending on the ability of the country to implement the appropriate strategies.
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11. Partner perspectives

11.1 United States Centers for Disease Control and Prevention
(Dr Cordero)

The CDC position is that it is time to act. Opportunities must not be missed,
either with GAVI or with the chance to include rubella control as part of measles
control activities. The framework for action outlined at this meeting calls for
integration of existing activities: (i) measles surveillance should become febrile rash
illness surveillance; (ii) measles laboratory testing should include rubella testing;
(iii) the potential for primary health care workers to be trained to detect infant cataracts
and other simple eye signs during routine infant immunization services should be
field tested.

The CDC is pleased to have helped sponsor this meeting and will continue to provide
financial support and technical assistance in the areas of surveillance and epidemiology,
laboratory development, and molecular typing.

11.2 March of Dimes Birth Defects Foundation  (Dr Katz)

The March of Dimes Birth Defects Foundation is committed to the prevention of
birth defects. Prevention of CRS is an attractive target. The March of Dimes will
continue to support rubella control and CRS elimination to the extent its resources
permit. The agency currently provides financial support to the WHO Region of the
Americas in rubella and CRS surveillance, and it remains open to requests for further
funding.

11.3 Task Force for Child Survival and Development (Dr Hinman)

The Task Force for Child Survival and Development is eager to provide technical
assistance and advocacy to prevent CRS throughout the world. The agency is
convinced that rational strategies must include protection of women of childbearing
age, immunization of all children, and surveillance for CRS and rubella. The need to
protect women of childbearing age adds complexity to the implementation of a rubella
immunization programme. Countries cannot just add MR or MMR vaccine to an
existing programme, and they need to think seriously about the wisdom of adding
MR or MMR vaccine if coverage is <80%.  Despite these complexities, it is time to
move forward.
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The primary purpose of rubella vaccination is to prevent the occurrence of congenital
rubella infection (including congenital rubella syndrome, CRS). Two approaches are
recommended for CRS prevention – prevention of CRS only (through immunization
of adolescent girls and/or women of childbearing age), and elimination of rubella as
well as CRS (through universal vaccination of infants with/without mass campaigns,
surveillance, and assuring immunity in women of childbearing age).

Although the burden of CRS is not well characterized in most developing countries,
CRS has been found wherever it has been looked for. CRS is an important cause
of deafness, blindness, and mental retardation. It is estimated that more than
100 000 cases occur each year, worldwide. Caring for CRS cases is costly, even in
developing countries. All cost-benefit studies of rubella vaccination, in developing
and developed countries, have demonstrated that the benefits outweigh the costs
and that rubella vaccination is economically justified, particularly when combined
with measles vaccine (all of these studies have been carried out in countries with
coverage >80%). The global burden of CRS has been sufficiently characterized that
priority should now be given to informing decision-makers and medical professionals
about the burden of disease and advocating for its control and prevention,
while conducting additional disease burden studies to further refine these estimates
at global and regional levels to facilitate comparison with other priorities and make
cost-effectiveness estimates more precise.

Although detailed studies are not needed in every country before implementing rubella
vaccination, some baseline information should be obtained on the susceptibility profile
of women of childbearing age (e.g., through serological studies of women attending
antenatal services). This will enable monitoring programme impact over time and
guide future programme activities.

Rubella vaccine is a formal component of the immunization programme in
approximately one-half of the countries and territories of the world, including the
vast majority of industrialized countries and one-half of developing countries.
It is used in the private sector in a high proportion of the rest of the countries.
Such private sector provision might affect transmission dynamics and increase
susceptibility in childbearing age women, with adverse consequences. The degree
and impact of private sector distribution should be assessed.

12. Conclusions and
recommendations
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Although a policy of rubella vaccination of adults is essentially free of risks of
increasing susceptibles, inadequately implemented childhood vaccination runs the
risk of altering rubella transmission dynamics and can lead to an increase in
susceptibility in women of childbearing age with the potential of increased numbers
of cases of CRS. Consequently, it is essential that childhood vaccination programmess
achieve and maintain high levels of coverage.

Recommendations

1) All countries should assess their rubella situation and, if appropriate, make
plans for introduction of rubella vaccine and establishment of CRS/rubella
surveillance.

2) Two approaches are recommended for CRS prevention – prevention of CRS
only (through immunization of adolescent girls and/or women of childbearing
age), and elimination of rubella as well as CRS (through universal vaccination
of infants with/without mass campaigns, surveillance, and assuring immunity
in women of childbearing age). Decisions on which approach is taken should
be based on the level of susceptibility in women of childbearing age, the burden
of disease due to CRS, strength of basic immunization programme as indicated
by routine measles coverage, infrastructure and resources for child and adult
immunization programmes, assurance of injection safety, and other disease
priorities.

3) Countries wishing to prevent CRS should immunize adolescent girls and/or
women of childbearing age. The precise target population addressed will depend
on the susceptibility profile, cultural acceptability, and operational feasibility.
The most rapid impact would be achieved by a mass campaign for women of
childbearing age. Vaccination through routine services could ultimately achieve
the same protection, but after a delay, during which CRS cases will still occur.
All evidence to date indicates that rubella vaccine virus poses no risk of fetal
damage. Consequently, it is not necessary to screen women individually for
pregnancy before vaccination.

4) Countries undertaking measles elimination should take the opportunity to
eliminate rubella as well through use of  measles-rubella (MR) or measles-
mumps-rubella (MMR) vaccine in their childhood immunization programme,
as well as campaigns. All countries undertaking rubella elimination should
ensure that women of childbearing age are immune and that routine coverage
in children is sustained at >80%.

5) Countries which currently include rubella in their childhood immunization
programme should ensure that women of childbearing age are immune and
should move toward rubella elimination.

6) If a global measles eradication goal is established, rubella should be included.
Baseline estimates of the percentage susceptible in adolescents and adults,
or in pregnant women, will help in planning appropriate strategies for rubella
eradication.

7) Surveillance for CRS (as outlined in WHO guidelines) should be initiated as a
means of monitoring programme impact. The techniques adopted should be
appropriate to the local health services.
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8) Countries introducing case-based surveillance for febrile rash illnesses should
establish integrated laboratory investigation for measles and rubella.
Other viruses causing febrile rash illness may be incorporated as appropriate.
A combined global measles-rubella laboratory network should be developed
and coordinated by WHO, with partner organizations and member countries,
to facilitate sufficient laboratory support and quality control at the country
level. Periodic serologic studies of younger pregnant or post-partum women
(15-19 years of age) can provide an ongoing assessment of the susceptibility
profile of this risk group.

9) Rubella vaccine coverage should be measured in an accurate and timely way,
by age and locality. Measuring coverage in infants and young children can be
done through routine systems but extra efforts are needed to routinely assess
levels of coverage in adult groups.

10) Rubella vaccine should be considered as a priority vaccine for initiatives
(such as the Global Alliance for Vaccines and Immunization (GAVI) and the
Gates Children’s Vaccine Program) to introduce new or underutilized vaccines
in developing countries.

11) The analysis of vaccine demand, supply, and production capacity currently
underway should be continued and regularly updated in order to help planning
of purchases and ensure vaccine availability. Production capacity of vaccine
manufacturers may have significant implications for inclusion of MR or MMR
vaccine in measles elimination campaigns.

12) There is a strong need for panels of standardised rubella specimens to establish
a laboratory-based quality assurance programme and allow assessment of
rubella testing protocols. Reference reagents (e.g. IgM sera) should be identified,
characterised, and made readily available.

13)  As countries implement rubella elimination measures, efforts should be made
to collect virus samples to allow establishment of a genetic baseline and linkage
of control measures to circulating viruses.  Over the next 12 months informal
discussions will take place to establish the need for a comprehensive rubella
genetic database and systematic naming procedure. These discussions will be
reviewed and formal recommendations made at a meeting held in early 2001.

14) Development of non-invasive methods of specimen collection for rubella
surveillance and additional methods for detecting IgM antibodies to rubella
virus and viral RNA should be continued and evaluated over the course of the
next 12 months. Efforts should be made to collect specimens from CRS and
congenital rubella infection cases worldwide in order to evaluate methods of
diagnosis of cases beyond the age of 6 months.
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Wednesday, 12 January 2000

08:30-09:00 Registration
09:00-09:30 Opening Dr B. Melgaard

Welcoming comments
Introduction of participants
Nomination of Chair and Rapporteur

09:30-10:00 Introduction of objectives Dr J.M. Olivé
and format of meeting

10:00-10:30 Coffee break

10:30-12:30 Session 1: Country experience with CRS prevention
and rubella control

Hungary Dr I. Straub
China Dr A. Xu
France Dr D. Levy-Bruhl
Discussion

12:30-14:00 Lunch

14:00-15:30 Session 2: CRS/rubella elimination initiatives in the Americas

Experience of PAHO Dr C. Castillo
Experience of CAREC Dr B. Irons
Cuba Dr M. Galindo
Mexico Dr J. Santos
Discussion

15:30-16:00 Coffee break

16:00-17:00 Session 3: CRS/rubella elimination experience in other regions

Oman Dr S. Al-Khusaiby
Australia Mr G. Sam
Discussion

Annex 2:
Agenda
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Thursday, 13 January 2000

08:30-10:00 Session 4: Field issues in detecting CRS cases

Blindness due to CRS Dr C. Gilbert
Deafness due to CRS Dr A. Smith
Kumasi, Ghana experience Dr J. Lawn
Vellore, India experience Dr R. Samuel
USA experience, case definitions Dr S. Reef
Discussion

10:00-10:30 Coffee break

10:30-11:30 Session 5: WHO guidelines for CRS/rubella surveillance

Rash illness surveillance Dr A. Henao-Restrepo
CAREC guidelines Dr M. Lewis
WHO guidelines Dr S. Robertson
Discussion

11:30-12:30 Session 6: Laboratory issues related to routine surveillance

Experience of Brazil Dr M. Siqueira
WHO Measles Laboratory Network Dr D. Featherstone
Discussion

12:30-13:30 Lunch

13:30-14:30 Session 7: Reference laboratory issues

Role of saliva in rubella surveillance Dr D. Brown
PCR for diagnosis of CRS Dr S. Katow
Newer methods for diagnosing CRS Dr J. Best
Global strains of rubella virus Dr T. Frey
Discussion

14:30-15:30 Session 8: Estimating vaccine needs

Demand for rubella vaccine Dr A.M. Henao
Supply of rubella vaccine Dr N. Dellepiane
Comments from manufacturers
Discussion

15:30-16:00 Coffee break

16:00-17:00 Session 9: Other vaccine-related issues

Maternal antibody and response of Dr S. Kebede
infants to rubella vaccine in
developing countries
Adverse events following rubella, Dr P. Duclos
MR, or MMR vaccine
Discussion
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Friday, 14 January 2000

08:30-10:00 Session 10
Evaluating strategy options

Rubella immunoprofile Dr F. Cutts
Modeling strategy options Mr N. Gay
Issues in assessing strategies Dr D. Salisbury
Why CARICOM has chosen Dr B. Irons
rubella eradication
Discussion

10:00-10:30 Recapitulation of strategies Dr S. Cochi

10:30-11:00 Coffee break

11:00-12:30 Session 11
Partner perspectives

Centers for Disease Control Dr J. Cordero
and Prevention
March of Dimes Birth Defects Foundation Dr M. Katz
Task Force for Child Survival Dr A. Hinman
and Development

12:30 Closure of open session of meeting

14:00-17:00 Closed session to prepare conclusions
and recommendations
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Annex 3:
Countries using rubella vaccine,

by WHO region,
as of December 1999*
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Table 3: Eastern Mediterranean Region.................................................................. 70
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* Subsequent updates on use of rubella vaccine will appear in “WHO Vaccine Preventable Diseases
Monitoring System, 2000 Global Summary”, which will be available toward the end of 2000.



"
%

�
�
�
��
�
�
��
�
��
�

Table 1: African Region

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

1 Algeria Developing 75% none
2 Angola Least developed 65% none
3 Benin Least developed 82% none
4 Botswana Developing 80% none
5 Burkina Faso Least developed 68% none
6 Burundi Least developed 44% none
7 Cameroon Developing 47% none
8 Cape Verde Least developed 66% none
9 Central African Republic Least developed 39% none
10 Chad Least developed 30% none
11 Comoros Least developed 67% none
12 Congo Developing 18% (1997) none
13 Cote d’Ivoire Developing 66% none
14 DR Congo Other 20% none
15 Equatorial Guinea Least developed 82% (1997) none
16 Eritrea Least developed 52% none
17 Ethiopia Least developed 45% none
18 Gabon Developing 23% (1997) none
19 Gambia Least developed 91% none
20 Ghana Developing 67% none
21 Guinea Least developed 58% none
22 Guinea-Bissau Least developed 51% (1997) none
23 Kenya Developing 61% none

24 Lesotho Least developed 53% none

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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#
� Table 1 (continued)

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

25 Liberia Least developed 31% none
26 Madagascar Least developed 65% none
27 Malawi Least developed 90% none
28 Mali Least developed 58% none
29 Mauritania Least developed 20% (1997) none
30 Mauritius Developing 85% none
31 Mozambique Least developed 87% none
32 Namibia Developing 63% none
33 Niger Least developed 85% none
34 Nigeria Developing 26% none
35 Reunion Other 59% (1996)
36 Rwanda Least developed 66% (1997) none
37 Saint Helena Other 100% (1996)
38 Sao Tome & Principe Least developed 59% none
39 Senegal Developing 65% none
40 Seychelles Developing 93% 1 dose MMR at 15 mo
41 Sierra Leone Least developed 68% none
42 South Africa Developing 76% (1996) none
43 Swaziland Developing 62% none
44 Togo Least developed 33% none
45 Uganda Least developed 30% none
46 United Rep Tanzania Least developed 72% none
47 Zambia Least developed 69% none

48 Zimbabwe Developing 65% none

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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Table 2: Region of the Americas

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

1 Anguilla Other 96% 2 dose MMR at 15 mo, 4-5 yr R  females CBA R 1998-99 (39%)
2 Antigua & Barbuda Developing 99% 2 dose MMR at 1 yr, 5 yr R  females CBA R 1998-99 (33%)
3 Argentina Developing 99% none
4 Bahamas Developing 92% 1 dose MMR at 1 yr R  females CBA MMR  4-40 yr 1997-98

(67%)
5 Barbados Developing 92%  (1997) 2 dose MMR at 1 yr, >11 yr R  females CBA
6 Belize Developing 88% 1 dose MMR at 1 yr R  females CBA R 1998-99 (65%)
7 Bermuda Other 88%  (1997) 2 dose MMR at 18 mo, 10 yr
8 Bolivia Developing 80% none
9 Brazil Developing 96% 1 dose MMR at 15 mo
10 British Virgin Islands Other 99% 2 dose MMR at 1 yr, 4 yr R  females CBA
11 Canada Developed 96% 2 dose MMR at 12-18 mo, 4 yr
12 Cayman Islands Other 94% 2 dose MMR at 15 mo, 4-5 yr R  females CBA
13 Chile Developing 93% 2 dose MMR at 1 yr, 7 yr R 10-29 yr females

campaign in 1999 (98%)
14 Colombia Developing 75% 2 dose MMR at 1 yr, 10 yr R females post-partum

and post-abortion
15 Costa Rica Developing 86% 2 dose MMR at 15 mo, 7 yr MMR catch-up in 1993

(75%); MMR follow-up
in 1998 (87%); MMR
15-44 yr in 1999

16 Cuba Developing 99% 1 dose MMR at 1 yr R 18-30 yr females MMR 1-14 yr
campaign in 1986 (73%) 1986-1987, (96%)

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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� Table 2 (continued)

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

17 Dominica Developing 98% 1 dose MMR at 1 yr R females CBA R 1998-99 (88%)
18 Dominican Republic Developing 95% none
19 Ecuador Developing 88% 1 dose MMR at 1 yr
20 El Salvador Developing 98% 1 dose MMR at 15-23 mo
21 French Guiana Other 2 dose MMR at 1 yr, 6-11 yr
22 Grenada Developing 97% 1 dose MMR at 18 mo R  females CBA R 1998-99 (59%)
23 Guadeloupe Other 1 dose MMR at 1 yr
24 Guatemala Developing 81% none
25 Guyana Developing 93% 1 dose MMR at 12-23 mo R 1998-99 (80%)
26 Haiti Least developed 22% none
27 Honduras Developing 97% 1 dose MMR at 1 yr
28 Jamaica Developing 85% 1 dose MMR at R females CBA R 1998-99 (55%)
29 Martinique Other none
30 Mexico Developing 96% 2 dose MMR at 1 yr, 6 yr
31 Montserrat Other 99% 2 dose MMR at 15 mo, 4.5-5 yr R 1998-99 (88%)
32 Netherlands Antilles Other 2 dose MMR at 14 mo, 10 yr
33 Nicaragua Developing 99% 1 dose MMR at 1 yr
34 Panama Developing 95% 1 dose MMR at 15 mo
35 Paraguay Developing 78% none
36 Peru Developing 93% none
37 Puerto Rico Other
38 Saint Kitts & Nevis Developing 99% 2 dose MMR at 1 yr, 5 yr R  females CBA
39 Saint Lucia Developing 90% 1 dose MMR at 1 yr R  females CBA

40 St Vincent & Grenadines Developing 99% 2 dose MMR at 1 yr, 4 yr

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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Table 2 (continued)

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

41 Suriname Developing 82% 1 dose MMR at 1 yr R  females CBA R 1998-99 (20%)
42 Trinidad & Tobago Other 90% 2 dose 4-6 yr MMR at 12-15 mo, R  females CBA R 1998-99 (46%)
43 Turks & Caicos Islands Other 99% 2 dose MMR at 1 yr, 4 yr R  females CBA R 1998-99 (23%)
44 United States of America Developed 89%  (1995) 2 dose MMR at 12-15 mo,

4-6 yr or 11-12 yr
45 Uruguay Developing 86% 2 dose MMR at 1 yr, 5 yr
46 US Virgin Islands Other

47 Venezuela Developing 94% 1 dose MMR at 1 yr

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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 Table 3: Eastern Mediterranean Region

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

1 Afghanistan Least developed 36% none
2 Bahrain Developing 100% 3 dose MMR at 12 mo, 5-6 yr, 12 yr R postpartum (1998) MMR catch-up in

1998-99
3 Cyprus Developing 90% (1997) 2 dose (1998) MMR at 15 mo, 11 yr
4 Djibouti Other 97% none
5 Egypt Developing 98% none
6 Iran (Islamic Republic) Developing 100% none
7 Iraq Developing 98%(1997) 1 dose (1998) MMR at 15 mo R 12 yr females (1998)
8 Jordan Developing 86% none
9 Kuwait Developing 100% 2 dose MMR at 12 mo, 4-5 yr R 12 yr females (1998) MMR catch-up in 1994

(94% of 533,000);
MMR follow-up in 1998
(93% of 166,467)

10 Lebanon Developing 91% 1 dose MMR at 15-59 mo
11 Libyan Arab Jamahiriya Developing 92% (1997) none
12 Morocco Developing 91% none
13 Oman Developing 98% 1 dose MMR at 15 mo MR catch-up in 1994

(94% of 1,002,370)
14 Pakistan Developing 76% none
15 Qatar Developing 90% 1 dose MMR at 15 mo MR catch-up in 1999

16 Saudi Arabia Developing 93% 1 dose MMR at 12 mo MMR catch-up in 1998
(97% of 1,688,668)

17 Somalia Least developed 47% none

18 Sudan Least developed 63% none

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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Table 3 (continued)

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

19 Syrian Arab Rep Developing 97% none MR catch-up in 1998
(99% of 6,703,790)

20 Tunisia Developing 94% none
21 United Arab Emirates Developing 95% 1 dose MMR at 15 mo MMR catch-up
22 UNWRA Other 98% 1 dose (1998) MMR at 15 mo
23 West Bank & Gaza Other 94% 1 dose MMR at 15 mo R 12 yr females MMR catch-up in 1999

24 Yemen Least developed 66% none

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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" Table 4: European Region

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

1 Albania In transition 89% none
2 Andorra Developed 90% (1997) 2 dose MMR at 15 mo, 11-12 yr
3 Armenia In transition 94% none
4 Austria Developed 90% (1997) 1 dose (1998) MR at 14 mo, 6 yr R 13 yr females (1998)
5 Azerbaijan In transition 98% none
6 Belarus In transition 98% 1 dose MMR at 12 mo
7 Belgium Developed 64% (1997) 2 dose MMR at 14-18 mo, 11-12 yr
8 Bosnia & Herzegovina In transition 84% none
9 Bulgaria In transition 95% 2 dose MMR at 13 mo, 11-12 yr
10 Croatia In transition 91% 1 dose MMR at 24 mo R 14 yr females (1998)
11 Czech Republic In transition 95% 2 dose MMR at 15 mo, 21-24 mo
12 Denmark Developed 84% (1997) 2 dose(1998) MMR at 15 mo, 12 yr
13 Estonia In transition 89% 2 dose MMR at 12 mo, 11-12 yr
14 Finland Developed 98% (1996) 2 dose MMR at 14-18 mo, 5-6 yr R premarital, postparum
15 France Developed 83% (1997) 2 dose MMR at 12 mo, 3-6 yr R 11 yr females (1998)
16 Georgia In transition 90% (1998) none
17 Germany Developed 75% (1996) 2 dose MMR at 11-14 mo, 4-5 yr R 11-15 yr females

(1998)
18 Greece Developed 90% (1997) 2 dose MMR at 15 mo, 11-12 yr
19 Hungary In transition 100% 2 dose MMR at 15 mo, 11-12 yr
20 Iceland Developed 98% (1995) 2 dose (1998) MMR at 18 mo, 7 yr R 12 yr females (1998)
21 Ireland Developed 78% (1989) 2 dose MMR at 15 mo, 12 yr
22 Israel Developing 94% 2 dose MMR at 12 mo, 5-6 yr R 12 yr females (1998)

23 Italy Developed 55% 1 dose MMR at 12-15 mo R 11 yr females (1998)

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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Table 4 (continued)

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

24 Kazakhstan In transition 98% none
25 Kyrgyzstan In transition 98% none
26 Latvia In transition 97% 2 dose MMR at 15 mo, 5-6 yr R 12 yr females
27 Lithuania In transition 96% 2 dose MMR at 15-16 mo, 11-12 yr
28 Luxembourg Developed 91% (1997) 2 dose (1998) MR at 15 mo, 12 yr
29 Malta Developed 69% 2 dose MMR at 15 mo, 11-12 yr
30 Monaco Developed 98% (1991)
31 Netherlands Developed 96% 2 dose MMR at 14 mo, 9 yr
32 Norway Developed 93% (1993) 2 dose (1998) MMR at 15 mo, 12 yr
33 Poland In transition 96% (1994) none R 13 yr females (1998)
34 Portugal Developed 96% 2 dose MMR at 15 mo, 11-12 yr
35 Republic of Moldova In transition 99% none
36 Romania In transition 97% none MR catch-up in 1998

(93% of 2,301,000)
37 Russian Federation In transition 98% none
38 San Marino Developed 96% (1993)
39 Slovakia In transition 99% 2 dose MMR at 14 mo, 11-12 yr
40 Slovenia In transition 93% 2 dose MMR at 12-15 mo, 5-6 yr
41 Spain Developed 90% (1994) 2 dose (1998) MMR at 15 mo, 11 yr
42 Sweden Developed 96% (1995) 2 dose (1998) MMR at 18 mo, 12 yr
43 Switzerland Developed 83% (1991) 2 dose MMR at 15 mo, 5-6 yr
44 Tajikistan In transition 95% none
45 TFYR Macedonia In transition 98% (1997) none R 14 yr females (1996)

46 Turkey Developing 76% (1997) none

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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$ Table 4 (continued)

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

47 Turkmenistan In transition 99% none
48 Ukraine In transition 96% 1 dose MMR at 12 mo R 15 yr females
49 United Kingdom Developed 91% 2 dose (1998) MR at 12 mo, 6 yr MR 5-16 yr in 1994

(92% of 7,100,000)
50 Uzbekistan In transition 96% none

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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Table 5: South-East Asia Region

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

1 Bangladesh Least developed 72% none
2 Bhutan Least developed 71% none
3 DPR Korea Developing 34% none
4 India Developing 66% none
5 Indonesia Developing 76% none
6 Maldives Least developed 98% none
7 Myanmar Least developed 85% none
8 Nepal Least developed 73% none
9 Sri Lanka Developing 91% none R  females 11-44 yr

(routine)

10 Thailand Developing 92%  (1996) 1 dose MMR at 9-12 mo

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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� Table 6: Western Pacific Region

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

1 American Samoa Other 91% 2 dose MMR at 12 mo, 4-6 yr
2 Australia Developed 86% 2 dose MMR at 12 mo, 4-6 yr R postpartum (1996)
3 Brunei Developing 100% 2 dose MMR at 12 mo, 12 yr
4 CN Mariana Islands Other 97% 2 dose MMR at 12 mo, 4 yr
5 Cambodia Least developed 63% none
6 China Developing 97% none MMR catch-up in 1998

(77% of 1,429,174);
MMR catch-up in 1999
(98% of 453,580)

7 Cook Islands Developing 94% none
8 Fed St Micronesia Developing 82% 2 dose MMR at 12 mo and <2 yr
9 Fiji Developing 75% (1997) none R 11 yr females
10 French Polynesia Other 98% (1996) 2 dose MMR at 12 mo, 8 yr R 10 yr females (1998) MMR catch-up in 1998

(77% of 25,000)
11 Guam Other 94% 2 dose MMR at 12 mo, 4-6 yr
12 Japan Developed 94% (1996) 1 dose R at 12-90 mo or 12-16 yr R 12-15 yr females

(1996)
13 Kirbati Least developed 77% none
14 Lao PDR Least developed 71% none
15 Macao Other 92% 2 dose MMR at 15 mo, 5 yr R 10-13 yr females

(1998)
16 Malaysia Developing 86% 1 dose R at 6-7 yr or 11-12 yr R campaign 15-44 yr

females in 1987-89
(63% of 2,028,000)

17 Marshall Islands Developing 52% (1997) 2 dose MMR at 12 mo, 4-6 yr

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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Table 6 (continued)

Country Development Measles Rubella vaccine use as of December 1999
status vaccine

coverage No. routine doses for childen, with
1998 vaccine and age administered Female vaccination Mass campaigns

18 Mongolia Developing 93% none
19 Narau Developing 58% (1997) 2 dose MMR at 12 mo, 14 yr
20 New Caledonia Other 78% 3 dose MMR at 12 mo, 6 or 11 yr,

R at 16 yr
21 New Zealand Developed 81% 2 dose MMR at 15 mo, 11 yr R postpartum (1996) MMR catch-up in 1998

(85%)
22 Niue Developing 100% (1997) 2 dose MMR at 15 mo, 11 yr MMR catch-up in 1997

(99% of 796)
23 Palau Developing 66% 2 dose MMR at 12 mo,15 mo MMR mop-up in 1998
24 Papua New Guinea Developing 59% none
25 Philippines Developing 87% none
26 Republic of Korea Developing 96% 2 dose MMR at 12-15 mo, 4-6 yr
27 Samoa Least developed 100% none
28 Singapore Developing 96% 2 dose MMR at 12-24 mo, 12 yr
29 Solomon Islands Least developed 64% none
30 Tokelau Other 100% none
31 Tonga Developing 96% none
32 Tuvalu Least developed 100% none
33 Vanuatu Least developed 94% none
34 Viet Nam Developing 96% none

35 Wallis & Futuna Islands Other 91% 1 dose MMR at 12 mo

Abbreviations: R = rubella vaccine; MR = measles-rubella vaccine; MMR = measles-mumps-rubella vaccine;  yr = years; mo = months; CBA = childbearing age
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