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educing global disease burden of measles and rubella: Report of the WHO Steering Committee on research related to
easles and rubella vaccines and vaccination, 2005

bstract

The WHO Steering Committee reviewed and evaluated the progress towards global control of measles and rubella and provided guide-
ines for future research activities concerning both diseases during its meeting in New Delhi, in April 2005. Global measles vaccination
overage increased from 71% in 1999 to 76% in 2004 and indigenous transmission was interrupted or kept at very low levels in many
ountries. However, Africa and Southeast Asia continue to experience endemic transmission and high mortality rates, despite a global
ortality reduction of 39% between 1999 and 2003. On the basis of reports from countries with continued indigenous measles virus

ransmission, future control strategies as well as advantages and potential drawbacks of global measles eradication were discussed. Sim-
larly the burden of rubella and congenital rubella syndrome (CRS) as well as the cost-effectiveness of rubella vaccination was assessed
sing different methods in several countries without vaccination programs. As measles and rubella viruses continue to circulate surveil-
ance and control strategies need further optimization. RT-PCR was considered as an alternative method for laboratory diagnosis of CRS.
he value of dried blood spots and oral fluid as alternative samples for measles and rubella IgG and IgM detection and genotype deter-

ination was evaluated. However further validation of these methods in different settings is required before their routine use can be

ecommended.

eywords: Dried blood spots; Oral fluid; Congenital rubella syndrome
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. Introduction

A world-wide vaccination campaign coordinated by the
orld Health Organization led to the eradication of small-

ox with a last case in October 1977. Despite recurrent
et-backs poliomyelitis is also well on the way to elimina-
ion. The transmission of indigenous measles virus (MV)
as been interrupted in the Americas, and in many other
ountries where outbreaks result solely from imported cases.
ecently, tremendous progress was made in Africa and
sia to further reduce measles-related mortality. The bur-
en of congenital rubella has been largely underestimated in
eveloping countries [1], but WHO initiatives have renewed
nterest in this debilitating condition [2–4]. In order to

mprove laboratory surveillance for measles and rubella,

HO has set up a world-wide Laboratory Network for
easles and Rubella [5]. In April 2005, the WHO Steer-

ng Committee on Research related to Measles and Rubella
accines met in New Delhi for its annual meeting to review
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nd evaluate progress towards global control of these two
iseases.

. Measles

.1. Public health significance of measles

WHO estimates that measles is responsible for 4% of the
million annual deaths in children under-five. Ninety-eight

ercent of these deaths occur in developing countries [6].
hus, despite progress in global control, measles continues

o be a serious condition and a leading cause of childhood
eath, particularly in developing countries. In 2004, WHO
eported an estimated 76% coverage of measles containing

accines (MCV) world-wide and 51% of countries reached
90% MCV coverage in all districts [7]. Most countries have

rovided a second opportunity for measles vaccination, either
y introducing a routine two-dose schedule or by mass cam-

dx.doi.org/10.1016/j.vaccine.2006.07.039
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aigns. With 30 million estimated annual cases [8], most of
hem unvaccinated, MCV is still under-utilized.

.2. Progress in reducing measles mortality

In 2001, WHO and UNICEF developed a 5-year strategic
lan to reduce measles global mortality by 50% in the year
005, compared to 1999 levels [9]. In regions with estab-
ished measles elimination goals, the objective was to achieve
nd maintain interruption of indigenous measles transmis-
ion. The plan targeted 45 priority countries with the follow-
ng major strategies: (i) high routine vaccination coverage
≥90%) in every district; (ii) providing a second opportunity
or measles immunization, mostly through supplementary
mmunization campaigns; (iii) improving surveillance; (iv)
mproving case management including vitamin A supple-

entation and antibiotic treatment if needed.
Global vaccination coverage increased from 71% in 1999

o 76% in 2004, but Africa and Southeast Asia lag behind with
n increase from 50 to 66% and from 59 to 63%, respectively.
n 2004, only nine of the 45 target countries offered no second
pportunity for measles vaccination. In 2003, global measles
ortality was estimated at 530.000 deaths, a 39% reduc-

ion from 1999 (Fig. 1). Indirect indicators suggested that
he largest reduction in mortality was achieved in the WHO
frican Region [10], largely by implementing the above 4

omponents of the WHO–UNICEF strategy. Otten et al. [11]
eported a decline in annual measles deaths of about 20%
90,043 of 454,000) as a result of supplementary immuniza-
ion activities (SIA) in 19 African countries between 2000
nd 2003.

.3. Progress in eliminating indigenous measles
ransmission

Enormous progress towards measles elimination has been
ade in the Americas. In 1994, a goal was set to elimi-

ate indigenous measles from the Western Hemisphere by
000 [12]. Numbers of cases rapidly declined from 1990

o 1996. One year later, a large outbreak started in São
aulo, Brazil and spread to Argentina and Bolivia. Major
accination efforts led by these countries reduced numbers
f cases reported in the region to 1754 and 537 cases by

ig. 1. Trends in estimated numbers of annual global measles deaths with
ncertainty levels 1999–2003. Provisional data for 2003. Source: World
ealth Organization [59].
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000 and 2001, respectively. Few countries had continuing
irus transmission [13] and not a single child has died from
easles during the last 3 years. Molecular tools demonstrated

hat endemic measles transmission has been interrupted, but
ases imported from other regions and residents who become
nfected abroad continue to be a problem [14,15]. These
chievements were only possible thanks to the strong com-
itment from health authorities to implement and sustain the

bove components of measles control.
In the European Region and other countries, such as

ustralia, Mongolia, New Zealand, Philippines, the Pacific
sland Nations and the Arab Gulf States, measles transmis-
ion has been interrupted or is at very low levels [16]. Also
ther regions have set elimination goals: the WHO European
egion by 2007 and the Eastern Mediterranean Region by
010. The Western Pacific Region plans to eliminate measles
y 2012 [17].

.4. Countries with indigenous measles transmission

Large countries, such as Nigeria, India and Pakistan con-
inue to sustain large numbers of measles-related deaths
Dr. B.S. Hersh). In 2003, for instance, India reported more
han 47,000 measles cases, while the 115 measles-related
eaths are likely to be an underestimate. The country has
sed monovalent measles vaccine at 9 months of age since
986; MMR is used only in the private sector. Reported
overage has been consistently high (>80%), but the esti-
ated coverage is much lower (40–70%), and varies between

tates.
Other areas, such as Niger still report large outbreaks

Dr. C. Dubray). From November 2003 to June 2004, 11,073
ases were reported. Seventy-five percent of cases and 86%
f deaths occurred in children under five. Attack rates were
ighest among the 6–9 month olds. Overall the case fatal-
ty rate (CFR) was 1.8%. CFR among under-fives and 12–35

onth olds was as high as 2.7 and 4.6%, respectively. CFR
as much higher (20%) among those admitted to hospital.
he most prevalent complications were pneumonia (66%)
nd diarrhea (61%) followed by ear discharge (12.4%). This
arge outbreak was due to a failure to vaccinate, poor surveil-
ance and an underestimation of CFR. In December following
he outbreak, 94% of 9 months to 14-year-old children were
accinated during a nationwide SIA. In the long term, rou-
ine vaccination coverage must be improved and a second
pportunity for vaccination provided.

In Nepal, Dr. A. Joshi et al. conducted a community-based,
etrospective study of a national, representative sample of 37
easles outbreaks (as defined by five or more epidemiolog-

cally linked measles cases) that occurred between March
nd August 2004 and were reported by health institutions
hroughout Nepal. Five thousand three hundred three measles

ases with a median age of 6.4 years were reported; 25 and
0% of cases were 1–4 years and 5–15 years old, respectively.
he crude CFR was 1.4%. The CFR was 8.9% for children
1 year, 2.9% for children 1–4 years, 0.5% for children 5–14
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ears, and 0.6% for children >14 years old. In response to
hese outbreaks, 9.5 million children were vaccinated.

Measles control is being integrated in many countries
ith other priority public health interventions, such as the
istribution of insecticide-treated bed-nets, shown to reduce
ortality due to malaria by one-third. Although there is a need

o strengthen district-based immunization, current trends sug-
est that the goal of a 50% reduction of measles mortality by
he end of 2005 compared to 1999 levels will have been met.

.5. Estimating measles mortality

Given the weakness of disease surveillance and death reg-
stration in many parts of the world, routine reporting systems
re not reliable enough to monitor measles mortality (Dr. L.
olfson). A panel of experts met in January 2005 to discuss

nd advise WHO on methods for evaluating measles mortal-
ty reduction. It was recommended to use disease surveillance
hen data are reliable and mathematical models when data

re limited. Despite their limitations, partially due to the
eriodic nature of measles outbreaks, mathematical models
ased on strong assumptions can capture important parame-
ers, such as changes in vaccination coverage that influence

ortality. Country-specific estimates of CFRs are a key driver
n such models, however case-based surveillance with labo-
atory confirmation of suspected cases and documentation of
ause-specific mortality should be implemented or improved
n many countries. In 19 African countries, Otten et al. [11]
eported an average decline in the number of reported measles
ases of 91% resulting from supplementary immunization
ctivities between 2000 and 2003, but whether or not the
ame reduction is seen in mortality is only assumed.

In this context, the SC recommended the following
esearch priorities: (i) further work on the estimation of
easles CFR in different settings and standardization of the
ethodology; (ii) careful evaluation of the strengths and
eaknesses of estimations of the proportion of child deaths
ue to measles (i.e., proportional mortality); (iii) identifica-
ion of factors that affect CFR within and between countries
nd (iv) evaluation of obstacles to high and sustained vacci-
ation coverage.

.6. Towards measles eradication?

As progress in controlling and eliminating measles in
any parts of the world is encouraging, the pros and cons of

lobal measles eradication were discussed (Dr. A.D. Oster-
aus). Favorable factors include; (i) the absence of an animal
eservoir; (ii) only rare persistent infections; (iii) the single
irus serotype; (iv) the antigenic stability of the virus and
v) a safe and effective vaccine [18]. Challenges to measles
radication include (i) the impact of HIV endemicity on

easles control; (ii) injection safety issues and the poten-

ial need for alternative routes of vaccination [19,20]; (iii)
olitical and economic obstacles; (iv) appropriate strategies
or different country-specific situations; (v) the high infectiv-
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ty of the measles virus requiring a population immunity of
0–95% [21] and (vi) robust vaccine induced immunity. Dr.
.D. Osterhaus pointed out that vaccination may not neces-

arily be discontinued after eradication because of the risk of
nadvertent reintroduction from a laboratory or from persis-
ently infected individuals, and advertant reintroduction by
ioterrorists, or animal morbilliviruses crossing the species
arrier [22]. Furthermore, there are reports of non-specific
enefits from receiving live-attenuated measles vaccine [23].
he benefits from eradication would include complete and
ustained reduction of measles mortality and the absence of
isk of virus transmission to pockets of seronegative indi-
iduals. A major risk of eradication would be a reduced
accination compliance resulting possibly in the reintroduc-
ion of measles associated with high morbidity and mortality.

The SC recommended research in most of the above
ssues to obtain a better understanding of the implications
f a measles eradication strategy. Thus, recommendations
ncluded the investigation of immunological correlates of
rotection, the characterization of long-term memory immu-
ity, the development of standardized assays for measuring T
nd B cell immunity; the need to investigate cases putatively
nfected by genotype A viruses and the pathogenic potential
f viruses isolated from these cases; and continued research
n alternative candidate measles vaccines, which are non-
eplicating, effective at an earlier age and can be combined
ith other vaccines.

. Rubella

.1. Introducing rubella vaccine into a national program

WHO has recommended that developing countries with-
ut rubella vaccination programs should assess the burden of
ubella and congenital rubella, in order to consider whether
accination should be introduced [3]. This can be done
ither by surveillance, seroprevalence, retrospective stud-
es or mathematical models. Guidelines for surveillance of
ubella and CRS have been published [2]. Unlike for measles,
here is no single strategy for rubella and CRS control.
wo principal strategies may be considered: (1) selective
accination of adolescent and adult females and (2) rou-
ine vaccination of all young children. The first strategy

ay prevent CRS, but does not control rubella. The sec-
nd strategy can potentially control and eventually eliminate
ubella and CRS, but carries the risk of increasing the aver-
ge age of rubella cases thus resulting in increased instead
f reduced numbers of CRS cases if vaccination coverage is
nsufficient [24]. The use of these strategies is dependent on
any issues, such as infrastructure, goals of the program and

unding [25].

In South Africa (Dr. L. Blumberg), rubella vaccination

s not part of the national program and in the private sector
ptake is very limited. Most rubella cases occurred in children
ess than 10 years of age and 18% of cases are between 10 and
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4 years old. Even though fewer than 10% of the cases are
mong persons aged >14 years, there is a concern about CRS
n newborns; however, there is no CRS surveillance system
o directly measure this problem.

China (Dr. L. Gao) is also investigating how to iden-
ify the best strategy for rubella vaccination, but data on
ubella and CRS prevalence is limited. Mathematical models
ased on current demographic trends, such as the one-child
olicy and declining birth rates, were used to compare differ-
nt rubella vaccination strategies. Without vaccination CRS
ould increase 3-fold by 2050 as a result of the smaller birth

ohorts. Childhood vaccination with <50% coverage would
lso increase CRS. Rubella and CRS could be eliminated if
accine coverage is ≥80%. Routine vaccination of 12-year-
ld girls or mass campaigns in 15–40-year-old women would
educe CRS, but would have no effect on rubella incidence.

ass vaccination of 2–14 year olds would result in oscillating
umbers of CRS cases with peaks above the no-vaccination
evel. These findings highlight the importance of changing
emographic factors for the selection of the best rubella vac-
ination strategy.

Romania (Dr. A. Rafila) presented mathematical mod-
ls based on epidemiological data of rubella of the last 45
ears. As a result of decreasing birth rates, epidemic cycles
ncreased from 5 to 10 years with most cases among chil-
ren <15 years old. Between 1994 and 1998, >70% of cases
ere >15 years old; before and after this period <20% of

ases were in this age group. In 2003, rubella vaccine was
electively administered nationwide to adolescent girls in 8th
rade, then, in 2004 rubella-containing vaccine was added to
he routine childhood schedule in addition to the adolescent
emale vaccination. The different models showed that (i) 80%
accination coverage of children with a single dose during the
econd year of life would control rubella and eliminate CRS
ventually. (ii) A catch-up campaign among children 2–14
ears old would reduce the time to elimination, but would not
e necessary for elimination. (iii) Vaccination of adolescent
irls and young women would reduce CRS by 3/4 without
ffecting rubella incidence. (iv) Including older women of
hildbearing age would have no additional benefit and would
nly add to the costs.

While the robustness of mathematical models to estimate
RS incidence may be questioned, the tools for direct moni-

oring of CRS are limited and costly (e.g. detection of rubella
irus RNA in extracted cataract material; systematic hearing
ests).

.2. Cost–benefit assessments of rubella vaccination

In Bhutan (Dr. T. Dorji) laboratory, diagnosis of rubella
as introduced in 2003. Since then, rubella cases and several
utbreaks have been confirmed. A retrospective study has

ocumented a few clinical cases of CRS. Although rubella
accination has been recommended, the best and most cost
ffective strategy and CRS surveillance are only being eval-
ated.

o
1
2
2
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The Republic of Maldives (Dr. N. Ibrahim) does not vac-
inate against rubella, but the disease became notifiable in
999. Because of the relative isolation of the islands, the
ean age of infection is 22 years, which is much higher than

n most countries. Immunity among women of childbearing
ge is low, in particular outside of male and the outer islands
<45%). The costs of the 2000 outbreak and the lifetime costs
f an infant with CRS defects have been evaluated. It was esti-
ated that a mass campaign with MMR vaccine in children

ged 6–14 years as well as male and female adults would
esult in savings of US$ 4.3 million.

Hinman et al. [26] reviewed 22 cost analyses of rubella
accination including 10 from developing countries. The
ost–benefit of rubella and MMR vaccine was evaluated
ach in five studies and their cost-effectiveness in two stud-
es from developed countries. According to these studies,
ubella vaccination programs have not only resulted in sig-
ificant reduction of morbidity and mortality, but also in
ubstantial cost savings [26]. The benefit–cost (B:C) ratio
or a routine childhood program in three developed countries
as estimated to be 5.8–11.1. In the Americas, the annual

ost to treat an infant with CRS ranged from about US$
000 in Guyana (1997) and US$ 2291 in Panama (1989) to
S$ 13,482 in Jamaica (1997). When compared with other
accine-preventable diseases, such as Haemophilus influen-
ae B and Hepatitis B, rubella vaccination programs had
higher benefit–cost ratio. These studies are important in

ssisting governments to decide in which programs to invest
imited resources.

.3. Monitoring rubella control activities

After introducing rubella vaccination into the national
rogram, monitoring of its impact is critical because insuffi-
ient coverage tends to increase the age at which susceptibles
ecome infected. Thus, paradoxically the incidence of CRS
ay increase as a result of prevention. Countries that progress

owards control of rubella, must be prepared to continuously
dapt their vaccination strategy as exemplified below.

In Italy (Dr. M. Ciofi degli Atti), a national rubella vac-
ination program was established in 1972 targeting pre-
dolescent girls. In the early 1990s, this schedule was mod-
fied to include a childhood dose of MMR at 15 months. In
999, the age of the first dose was lowered to 12–15 months
nd a second dose of MMR vaccine recommended at either
–6 years or 11–12 years of age. In 2003, the vaccination
overage among children aged 24 months was 77%. The epi-
emiology of rubella has changed since the introduction of
ubella vaccines. Outbreaks occurred every 4–5 years, the last
ne in 1997. The mean age of infection increased from 9.5
ears between 1976 and 1980 to 12.3 years between 1998
nd 2003. Nevertheless, the incidence of rubella in women

f childbearing age has decreased from 14.1 to 2.8 cases per
00,000 population, but there is no surveillance of CRS. In
003, a national plan for elimination of measles and CRS by
007 was established. Strategies include the target of 95%
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accination coverage by 2 years of age; lowering the sec-
nd dose of MMR to 5–6 years of age; conducting a catch-up
ampaign for unvaccinated children and adolescents and vac-
inating susceptible women of childbearing age. Surveillance
hould be improved by mandatory notification of rubella dur-
ng pregnancy and of congenital rubella.

In Sri Lanka (Dr. P. Palihawadana), the introduction of
ubella vaccine was prompted by an increase in rubella cases
nd documented CRS cases. In 1996, rubella vaccine was first
dministered to adolescent girls and women of childbearing
ge. In 2001, two additional age cohorts (3 and 8 years of age)
ere added to the vaccination strategy. In 2001 through 2004,
2–82% of women of childbearing age were vaccinated. This
s in agreement with results from a seroprevalence study con-
ucted in 1999 in the Kalutara District (Sri Lanka; [27]). In
hildren, coverage increased in 2003/2004 from 89 to 98%.
uture plans include strengthening of laboratory confirma-

ion of rubella and CRS as well as improving vaccination
overage by school-based programs.

Both countries have monitored the impact of their vac-
ination program by assessing their coverage data and have
dapted their control strategies, which is particularly impor-
ant for CRS control.

.4. Surveillance of rubella and CRS

Studies from Vellore, South India (Dr. D. Brown) com-
ared different methods for assessing the burden of CRS.
ntenatal surveys in 1991 and 1998 showed that 8% of
omen were susceptible to rubella when 4 IU/ml was used as

ut-off in a commercial enzyme immunoassay. Susceptibil-
ty was higher in the rural population than in urban women.
wo age-stratified community surveys in rural and urban
reas showed that the highest force of infection was in 5–9-
ear-old children. The estimated incidence of CRS ranged
rom 32–97 per 100,000 live births, but active hospital-based
urveillance of CRS between 1996 and 2001 identified only
2 cases (0–9.4 cases per 100,000 live births), only 6% of
redicted cases. Eleven (50%) of these cases had cataracts.
he community survey was the most informative, but was
lso the most complex and costly. Rash/fever surveillance in
regnant women was recommended to identify children at
isk of CRS. Another study in three eye-hospitals in South
ndia showed that 11.7–20.8% of female hospital staff were
usceptible to rubella [28].

Rubella IgM testing is the most convenient method for
he confirmation of CRS, but commercially available tests
ave not been evaluated for this purpose [29] and some lack
ensitivity [30]. This was also confirmed in studies in India.
n addition, rubella IgM test kits are expensive and are not
lways available in developing countries. The SC recom-
ended that available rubella IgM tests should be evaluated
or diagnosis of CRS, using sera from children of different
ges.

In Morocco (Dr. R. Ahmed), the CRS burden was assessed
n a retrospective study [31]. Sixty-two cases of CRS by WHO

G
t
e
E
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ase definition were identified from medical records, 148
rom disability records and 15 among deaf schoolchildren.
o laboratory confirmation was carried out. The yearly inci-
ence of CRS was estimated to be 8.1–12.7 cases per 100,000
ive births, a figure consistent with past estimates from the
S and UK. The authors suggested that ophthalmology and

ardiology departments may be best placed for finding cases
f CRS. Retinal surveys in deaf schools were also convenient.
he study concluded that rubella vaccine should be used in
orocco, where 15–34% of women at childbearing age are

usceptible to rubella [reviewed by Bloom, 31].
Another recent report estimated the CRS burden in Iran

n 1995/1996 by evaluating the proportion of children with
ensorineural hearing loss attributable to rubella [32]. A
ase-control study tested 113 children in schools for the
eaf and 112 controls aged 1–4 years for rubella antibod-
es. 19.5% cases and 8.9% controls had rubella antibodies.
n the basis of these findings the proportion of cases with
eafness attributable to rubella was estimated to be 12%, and
RS prevalence in Iran was calculated as 20 per 100,000
hildren. Iran has recently introduced childhood MMR vac-
ination and in a mass campaign about 32 million people aged
–25 years were vaccinated with MR vaccine. A surveillance
rogram should now be established to monitor the impact of
accination, as recommended by WHO [2].

These reports show that identification of CRS cases is
ifficult and labor intensive. As the definition of CRS includes
everal defects, the specificity may be high but the sensitivity
ow.

.5. Diagnostic value of RT-PCR for prenatal diagnosis
f congenital rubella

The diagnosis of primary rubella infection is based on
etection of specific IgM and/or rubella IgG seroconversion
nd rubella IgG avidity testing. The interpretation of results
ay be complicated by false-positivity, cross-reacting IgM or

ersistent rubella IgM [29,33]. When serological results are
nconclusive, or primary infection occurs in the early second
rimester or reinfection is confirmed in the first trimester, a
renatal diagnosis may be required to determine the risk of
RS for the fetus. RT-PCR can be used to detect RV RNA

n amniotic fluid, chorionic villus biopsies and fetal blood,
ut few studies have been published [29]. Dr. L. Grangeot-
eros (Paris, France) reported results obtained from 110

mniotic fluids and 29 fetal blood samples from pregnant
omen with confirmed primary rubella infections. In this

tudy, RT-PCR was a valuable tool for prenatal diagnosis,
ith a sensitivity of 83–95% and a specificity of 100% [34].
etection of rubella IgM in fetal blood obtained by cordo-

entesis is also a valuable test for prenatal diagnosis, but the
ollection of fetal blood is technically more demanding ([29];

rangeot-Keros, personal communication). It is important

hat specimens are transported at 4 ◦C and are collected no
arlier than 7 weeks after infection (reviewed by Best and
nders [29]).
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. Genotyping of measles and rubella

Laboratory surveillance is a key component of measles
nd rubella control programs. It includes serological con-
rmation of suspected cases and genetic characterization of
ndemic/epidemic viruses. Genotyping is useful for molec-
lar epidemiology and surveillance and allows tracking of
irus transmission, e.g. to demonstrate elimination of indige-
ous MV and RV from the USA [35,36]. Genetic char-
cterization of MV has been proven to be a valuable tool
or measuring the effectiveness of measles control programs
37]. In a given geographic region, a genotype is considered
ndemic if it is consistently found in the same region over
n extended time period. If different genotypes are associ-
ted with limited outbreaks and/or sporadic cases, these are
ikely to result from multiple importations of viruses into the
egion rather than from circulating endemic viruses [38,39].
oth for MV [40] and RV [41], WHO recommends a stan-
ardized nomenclature.

.1. Measles virus

Genotypes are determined by phylogenetic analysis of the
50 C-terminal nucleotides of the nucleoprotein gene and/or
f the entire hemagglutinin gene [42]. There are currently 23
ecognized genotypes (A, B1–3, C1–2, D1–10, E, F, G1–3,
1–2; 39), most of which are actively circulating in more
r less confined geographic regions with possible long dis-
ance importations [39,44]. The SC recommended to further

mprove molecular tools for detection and characterization of

V and to continue the study of virus transmission patterns
ia molecular epidemiology, to help monitor measles control
rograms.

s

o
m

ig. 2. Geographic distribution of genotypes of rubella virus (1995–2005). Clade
irculating in the Western Hemisphere.
ne 25 (2007) 1–9

.2. Rubella virus

Various regions of the E1 gene have been proposed by
ifferent authors for genetic characterization. A window of
39 nucleotides (nt 8731–9469) is recommended for routine
olecular analysis [41]. Two major phylogenetic groups of
V designated clades 1 and 2 have been described, differing
y 8–10% of their nucleotides. Seven genotypes designated
ith upper-case letters (1B, 1C, 1D, 1E, 1F, 2A and 2B) have
een accepted. Reference viruses are available for these geno-
ypes. Three provisional genotypes (1a, 1g and 2c) have also
een described. Clade 1 viruses currently exist world-wide,
hile clade 2 viruses have been found predominantly in Asia,
ith occasional isolates from Europe [41]. Clade 2 viruses
ave not been detected in the Western Hemisphere (Fig. 2).

Dr. W. Xu (China) reported on the epidemiology and cir-
ulating genotypes of rubella in China. Locally produced
RD-2 rubella vaccine was approved by the Chinese reg-
latory authorities in 1998 and is now used routinely in
any provinces. Sentinel surveillance sites reported a major

eak in rubella incidence in 1993 (98 cases/100,000) and a
ew outbreaks in Shandong province in 2001. Sequencing of
01 bp of the E1 coding region (nt 8869–9469) of 42 iso-
ates collected between 1999 and 2003 from Anhui, Henan
nd Shandong provinces, identified genotypes 1E, 1F, 2A
nd 2B. In 2001, rubella cases caused by both genotypes 1F
nd 2A occurred within 100 km from each other in Shandong
rovince. The heterogeneity of RV is much greater than that
f measles viruses isolated between 1993 and 2005 in China

uggesting that measles control is a ahead of rubella control.

The SC recommended that genetic analysis and isolation
f RV should be continued, as the circulating viruses from
any countries have not been characterized. Specimens for

1 viruses currently exist world-wide. Clade 2 viruses have not been found
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irus isolation and/or sequencing should be obtained at the
ame time as serum for serological diagnosis and sent to the
ocal WHO network laboratory [5].

. Alternative sampling for diagnosis of measles and
ubella/CRS

Case confirmation relies on IgM testing using validated
LISA tests (e.g. Dade Behring) for measles. Serum is con-
idered the preferred sample for case confirmation but less
nvasive sampling techniques are being evaluated [5]. Dried
lood spots (DBS) and oral fluid (OF) have both been con-
rmed to be suitable for IgM testing [45,46] and for RT-PCR
nd sequencing [46]. DBS are collected by finger prick onto
lter paper (Whatman 903, Schleicher & Schuell), which is
asier and considered less invasive than venupuncture [47].
s DBS are not considered “Dangerous Goods” for transport
urposes, packaging and transportation to the laboratory is
lso simplified. DBS are reconstituted in the laboratory and
ested for IgM by ELISA [45]. OF collection is acceptable to
atients, particularly children, as it is non-invasive and pain-
ess. OF consists of gingival crevicular fluid; therefore more
ensitive assays are required [48]. Best results were obtained
hen OF was collected using a special device [49] and tested

or IgM by capture EIA (e.g. Microimmune, Brentford, UK).
The SC recommended further optimization of elution

echniques and further development of RT-PCR for use with
BS.

.1. Measles

DBS tested with a modified Behring ELISA has a sensi-
ivity of 97–100% and a specificity of 91–100% for measles
gM, OF using Oracol and the Microimmune IgM assay has
sensitivity of 96–99% and a specificity of 84–100%.

Typically, genetic typing relies on RT-PCR of viral RNA
rom virus cultures or directly from peripheral blood lympho-
ytes, urine and nasopharyngeal swaps. For virus isolation
ero-SLAM cells have been recommended to replace B95a
ells, which actively produce Epstein-Barr-Virus [43]. OF
an also be used for virus isolation and RNA detection by
CR [50]. In DBS, the lower sensitivity for RNA detection
an be partially offset by a larger amount of DBS and a nested
CR [51].

OF was also used to evaluate seroconversion after vacci-
ation and to detect and genotype measles virus in Ethiopia
52]. In this setting, OF provided a convenient, non-invasive
ample for both IgG-serology and virus surveillance. As there
as some concern about the sensitivity of IgG detection in
ral fluid from vaccinees, which usually have lower IgG levels
han late convalescents, further evaluation of the methodol-

gy in different settings is needed.

The Subcommittee concluded that regions without
easles control, with only minimal laboratory support and
ithout adequate access to expertise/supplies for conven-
ne 25 (2007) 1–9 7

ional specimen collection, may benefit from the use of DBS
r OF. Whenever possible, conventional sampling methods
hould be performed on a few cases of an outbreak. Regions
ith controlled measles but periodic outbreaks could initiate
BS or OF sampling in parallel with conventional meth-
ds. Regions in elimination phase with few outbreaks would
ot generally benefit from alternative sampling methods and
hould be evaluated on a case-by-case basis. Accordingly, the
C has asked WHO to continue field trials of these techniques

n different stages of measles control.

.2. Rubella

A commercial test for rubella IgM in OF is under devel-
pment, and field trials are required. Dried blood spots can
e used to detect rubella antibodies [53,54]. OF can be used
o detect rubella IgM in both postnatally acquired rubella and
RS, but is not suitable for rubella IgG detection in adults

55–57]. RNA can be extracted and used for detection of
V by RT-PCR [58]. OF has been found to be better for
ucleic acid extraction than serum or blood due to lack of
CR inhibitors.

The SC considers the preliminary studies as promising
nd recommends further evaluation of OF. WHO should pro-
uce protocols for use of these alternative sampling methods,
ncluding their limitations. Further research should also deter-

ine whether RV sequences can be reliably obtained from
lternative specimens, such as serum, DBS or OF.

. Concluding remarks

Following the guidelines of the Strategic plan for measles
ontrol 2001–2005 developed by WHO and UNICEF, world-
ide measles morbidity and mortality have been significantly

educed. The Steering Committee has developed research
uidelines to support future measles reduction strategies.
hese include the evaluation of population immunity, out-
reak investigation, design of vaccination strategies as well
s the optimization of surveillance activities including the
mplementation and validation of new diagnostic tools. The
urveillance and control of rubella and CRS lags behind
easles control. Therefore, the guidelines concerning rubella

nd CRS focused on optimizing the tools to assess the burden
f disease, to identify the best vaccination strategy for a given
etting, and to improve diagnostic methods, particularly for
he diagnosis of CRS.
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