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1. INTRODUCTION 

Measles and rubella remain important preventable causes of infectious disease 
morbidity and mortality. Globally, measles accounts for more than 30 million cases and 0.9 
million deaths every year. Of these, 2 470 000 cases and 70 000 deaths occur in countries of 
the Eastern Mediterranean Region, resulting in an estimated case fatality rate of 3%. In 
developing countries, the overall case-fatality rate has been estimated to be 3%–6% but may 
reach more than 10% in epidemics, while the highest case-fatality rates (20%–30%) occur in 
infants under 12 months of age. 1,2 Measles vaccination coverage in the Region has ranged 
from 78% to 83%, while MCV1 coverage varies widely at the country level, with a range of 
40% in Somalia to >99 % in Bahrain, Qatar and Syrian Arab Republic in 2004. It is estimated 
that approximately 3.4 million children did not receive measles vaccine in 2004. Most of the 
unvaccinated children reside in six countries; of these, 46% are from Pakistan, 15% from 
Afghanistan and 11% from Sudan. Seasonal distribution of reported measles cases in 
countries of the Region shows a clear rise in March and April.  

Much of the measles mortality in the Region occurs in Pakistan, where the Expanded 
Programme on Immunization (EPI) has planned a nationwide campaign in 2007. This will be 
one of the largest measles campaigns ever conducted in the Region, targeting over 60 million 
children. Outbreaks of measles and rubella have been reported in Egypt, Iraq, Lebanon, Saudi 
Arabia and Syrian Arab Republic. Similar outbreaks have occurred in several of these 
countries in the past 2–3 years. A common fact in these outbreaks is the occurrence of disease 
in all age groups, suggesting a wide range in age cohorts that are susceptible to measles. 
While many of these countries are reporting high routine coverage for two doses of measles 
vaccine, the surveillance data suggest otherwise: most of the children with measles in these 
outbreaks are unvaccinated. Iraq has responded to outbreaks with supplementary 
immunization campaigns and Lebanon is planning a nationwide campaign early next year.  

There has also been a resurgence of measles in Afghanistan which conducted a national 
campaign in 2002 and has accelerated its plans to conduct a follow-up campaign. Countries in 
the Region can use the experience of Afghanistan conducting supplementary immunization 
activities as a second opportunity for measles elimination) and make plans of action to 
prevent such outbreaks in the future. Measles campaigns are of great value in reducing 
measles mortality; however, this effect is temporary if the EPI is unable to maintain high 
immunity against measles in cohorts born after catch-up campaigns. Unfortunately, this seems 
to be a problem in several countries of the Region.  

In the past three years, measles outbreaks have become increasingly common in 
countries that have not well or fully implemented the recommended elimination strategy 
(eliminate measles virus transmission in the Region by 2010). Later, rubella was also included 
as part of these regional targets. Since passing the resolution for measles elimination, 
considerable progress has been made in lowering measles mortality. However, considerable 
constraints exist before reaching the goal of measles elimination in 2010.  

                                                 
1 The World Health Report 2004. Geneva, World Health Organization, 2004. 
2 WHO Vaccine-preventable diseases monitoring system: 2005 global summary. Geneva, World Health 
Organization 2005.  
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As countries in the Region are approaching the elimination goal, there is great need for 
working together and providing a platform where all countries and technical experts can meet, 
share experiences and further plan future strategy. Every year, the WHO Regional Office for 
the Eastern Mediterranean organizes intercountry meetings to facilitate the process of 
achieving regional goals by 2010. 

The Regional Office held an intercountry meeting on control and elimination of 
measles and rubella in Amman, Jordan, from 27 to 30 November 2006. The objectives of the 
meeting were to:  

• identify strengths and weaknesses in the implementation of the measles/rubella 
elimination strategy at country level in the Region; 

• discuss monitoring and programme performance and review and revise the monitoring 
indicators to better achieve the elimination goal; and  

• strengthen laboratory-based surveillance for measles, as a cornerstone of the elimination 
strategy, and develop plans of action to be coordinated between epidemiologists and 
laboratory personnel.  

The meeting was opened by Dr Hashim El Zein, WHO Representative, Jordan, who 
delivered a message from Dr Hussein A. Gezairy, WHO Regional Director for the Eastern 
Mediterranean. In his message, Dr Gezairy reminded participants that the regional goal for 
measles was elimination and that there were only 3 more years to reach that target. Measles 
could not be eliminated without full commitment to implementing the recommended strategy 
in all countries of the Region. During the course of the meeting, participants would discuss 
monitoring progress in measles elimination and hear about plans to certify measles 
elimination in the European Region. Participants would also review and revise the process for 
monitoring indicators to achieve the elimination goal. He closed by expressing the hope that 
in the next year’s meeting, countries would be able to report more precisely on their progress. 

In his address to the meeting, H.E. Dr Sa’ad Kharabsheh, Minister of Health of Jordan, 
highlighted several important global health issues, especially polio, and discussed the burden 
and programmatic issues in Jordan. He extended his thanks to all for their efforts and for 
participating in this meeting. Dr Zuhair Hallaj, Director, Department of Communicable 
Diseases, WHO EMRO, chaired the meeting. The meeting programme and list of participants 
are attached as Annexes 1 and 2. 

2. GLOBAL AND REGIONAL UPDATES ON MEASLES CONTROL AND 
ELIMINATION 

2.1 Global and regional progress on measles control and elimination 
Dr Frank Mahoney, WHO EMRO 

The first element of the evolving strategy for measles elimination is accelerated control, 
which is the first recommendation for countries with low coverage or limited capacity. The 
strategy recommends > 90% routine infant immunization coverage at national level and in 
each district, and mortality reduction campaigns targeted to limited age groups. The second 
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element of the strategy is elimination in countries with high routine coverage. This element 
recommends catch-up campaigns in wide age range, to keep up high routine coverage and to 
follow-up with mass campaign or second dose. 

Main features of this elimination strategy are: 1) routine infant immunization with > 
90% coverage MCV1 in all districts; 2) catch-up vaccination of susceptible cohorts; 3) second 
dose of measles vaccine either through a 2-dose schedule or through supplementary 
immunization activities with > 90% coverage in all districts; 4) case-based surveillance; and 
5) case-management.  

As of 2005, several countries of the Region in the elimination phase continue first dose 
at age of 9 months. Three countries give only first dose at 9 months age while 8 countries give 
first dose at 9 months of age and second dose at 15–24 months. One country gives the first 
dose at 9 months and second dose at 4–6 years. While overall 10 countries have started the 
first dose at age of 12 months (of which 9 countries give first dose at age 12–15 months). 
Among these 10 countries, one country gives the second dose at 15–24 months while the 
other 9 countries give the second dose at 4–6 years. Countries with low MCV1 coverage are 
introducing the second dose of measles. In Morocco, the interval between the first and second 
dose has been extended. Several countries are using measles vaccine as the first dose and 
MMR as the second dose. 

There are 19 countries in the Region with a 2-dose schedule; among these, 12 countries 
are administering at 12–24 months and 7 countries are administering at 4–6 years. 16 of the 
countries use MMR. One country conducts periodic supplementary immunization activities 
while 2 countries conduct periodic supplementary immunization activities along with a 2-dose 
schedule. Two countries offer no second opportunity for immunization.  

As of 2005, 14 countries have conducted immunization activities and measles 
campaigns in preschool and school-age children and 5 countries conducted campaigns among 
school-age children. In two countries, supplementary immunization activities are ongoing 
while in one country these supplementary activities are not done. 

From a sample of 2.8 million children in the Region not receiving MCV1 in 2005, 
results showed that 41% of these unvaccinated children reside in Pakistan, followed by Sudan 
with 20% and Afghanistan with 13%. Another 7% of these children reside in Iraq, 6% in 
Yemen and 5% in Somalia, with the remaining 8% of this burden shared among other 
countries of the Region. Trends in measles cases and MCV1 coverage from 1995 to 2006 are 
shown in Figure 1. 

The Region achieved the target of 50% mortality reduction in 2005, with only 39 000 
deaths in 2005. During 1999 to 2002, cumulative doses administered during catch-up 
campaigns reached 20 million, while in 2003 this number reached 60 million. In 2006, the 
cumulative doses administered were more than 110 million. Seventeen (17) countries in the 
Region are conducting case-based surveillance. In an additional three countries, case-based 
surveillance has been initiated but needs improvement. Two countries only report aggregate 
data. 
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Constraints with programme management include limited resources and competing 
priorities, such as coverage monitoring, Roll Back Malaria, rotavirus surveillance and 
pneumococcal meningitis surveillance. National commitment is also a major constraint. A 
measles TAG should be established and involvement of national health authorities and 
professional societies should be enhanced. Coordination is another critical gap in achieving 
the goal of elimination. Close coordination is needed between laboratories, surveillance 
authorities, EPI at national and subnational levels, and other control programmes. Constraints 
with surveillance include data management capacity (i.e. software tools, integration of EPI 
and laboratories, limited use of reference laboratories, lack of feedback of data at the 
subnational level) and limited use of data to refine programme activities. 

Countries of the Region have achieved substantial progress in measles mortality 
reduction, but reaching the elimination goal is a major challenge. Although some countries are 
close to elimination, more efforts are needed to characterize the virus and identify the source 
of infection. Some countries need to strengthen all elements of the elimination strategy and 
other countries needs to revisit the strategy. Surveillance is improving but more efforts are 
needed to monitor indicators at the regional, national and subnational level. Guidelines are 
needed for case investigation forms, active searching for cases, surveillance evaluations and 
further involvement of the reference laboratories. 

Figure 1. Trends in measles case counts and MCV1 coverage in the Region, 1995–2006 

2006 estimate based on reported cases from January to October 2006 
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2.2 Progress and challenges of the regional measles and rubella laboratory network  
Dr Hinda Ahmed, WHO EMRO 

All countries have national laboratories with capacity for measles serology, while 10 
countries have virus isolation capacity and two countries (Jordan and Tunisia) have regional 
reference laboratories. Below are some laboratory indicators and the situation of countries 
with regard to meeting these indicators.  

Indicator: > 80% of suspected cases with serological testing.  

Fourteen countries do serological testing for > 80% of suspected cases, two countries 
do serologic testing for 50%–80% of suspected cases, while 5 countries do serological testing 
for 50% of suspected samples and one country is not reporting. 

Indicator: Specimen referral for suspected cases > 80% of specimens in laboratory received 
within 7 days.  

In 8 countries, > 80% of specimens were received by laboratory within 7 days; in 9 
countries > 50%–80% of specimens were received within 7 days; 3 countries received < 50% 
of specimens. Two countries have not reported on this indicator. 

Indicator: > 80% of specimens tested and reported to EPI within 7 days.  

In 13 countries, > 80% of specimens were tested and reported within 7 days. In one 
country, > 50%–70% were received within 7 days while in 3 countries < 50% of specimens 
were received within 7 days. Five countries have not reported on this indicator. 

Indicator: ≥ 90% passing score on proficiency test for measles and rubella.  

Eighteen countries have passed the proficiency panel, 2 countries have not reported 
proficiency test results, one country failed proficiency panel and one country was not able to 
participate in the proficiency test. 

Indicator: Specimen referral to RRL for validation and genotyping.  

Ten countries participated by sending serum, three countries sent serum and virus 
isolates while 9 countries were unable to participate.  

To further strengthen the laboratory network, laboratories have been provided with 
laboratory supplies, equipment, kits for measles/rubella and other reagents. A laboratory 
training workshop was organized in Cairo on 5 December; participating countries included 
Afghanistan, Djibouti, Iraq, Libyan Arab Jamahiriya, Palestine, Somalia and Sudan. On-the-
job training was conducted during assessments or accreditation reviews. To date, accreditation 
reviews have been conducted in Bahrain, Egypt, Islamic Republic of Iran, Iraq, Jordan, Oman, 
Pakistan, Syrian Arab Republic, Tunisia and Yemen. All of the above countries have passed 
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this review while Morocco and the United Arab Emirates have cleared it provisionally and 
Palestine is in process. 

Challenges and constraints in laboratory networks in Region include inadequate case-
sampling, i.e. for >1000 suspected measles cases per year, fewer than 50 blood samples were 
collected. In the occurrence of outbreaks and case clusters, no samples were sent for virus 
isolation. Moreover, when samples are received, the samples have incomplete patient 
information. Usually cases are not traced back epidemiologically to link with origin, hence 
there is insufficient information about endemic versus imported virus genotype. 

The measles control programme is not static and requires constant cooperation and 
coordination of many groups. Immunization is the cornerstone of any measles control 
programme but timely case-based surveillance is required to assess the impact of the 
immunization programme. It is essential to have laboratory confirmation of measles infection 
in suspected measles cases. Once the suspected case is confirmed by the laboratory, 
surveillance data on age, location, vaccination status, etc must be analysed quickly to 
determine if this is a sporadic case or part of an outbreak. Depending on the result, a public 
health response is planned. This response can range from heightened surveillance in the area 
to a supplemental immunization activity. This is an ongoing process that requires cooperation 
and coordination between those sectors of the public health system that deliver 
immunizations, gather surveillance data and analyse, collect laboratory specimens and plan.  

Logistic problems are one of the biggest challenges in measles control and elimination 
programmes. Specimens are difficult to collect and transport especially in cold chain. The 
samples require different methods of collection, i.e. oral fluid swabs, collection of blood on 
filter paper dried for serology and PCR for genotyping. More subregional reference 
laboratories are needed, and subnational laboratories need to be established in highly 
populated countries. 

Future directions include improving logistic problems, moving to establish subnational 
laboratories, increasing the number of regional reference laboratories, and introducing 
alternative sampling methods to streamline specimen shipment. In the future, virus isolation 
will be attempted by all laboratories with cell culture facilities and training, while 
Vero/SLAM will be distributed. This will also include regular referral of samples to RRL for 
validation/sequencing, enhancing measles genotyping, documentation of measles elimination, 
regular reporting of data (to countries and EMRO within the period agreed upon) and 
strengthening communication between laboratory, surveillance and national EPI managers. 
Capacity-building is needed for measle/rubella virus isolation and genotyping, through 
training of RRL and national measles laboratories with facilities in sequencing/genotyping. 
Accreditation reviews will also be conducted in the remaining countries, along with continued 
technical and logistic support. 
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2.3 Role of the laboratory in monitoring measles elimination 
Dr David Featherstone, WHO HQ 

Capabilities of laboratories include standardized testing and reporting procedures, 
including confirmatory testing based on ELISA for IgM on single sample collected at first 
contact with health facility, and high specificity and sensitivity assays that are available and 
rapid to perform. The reporting system is now standardized with “how, what and when” 
elements. Case-based testing/reporting is conducted in all laboratories and a database has been 
established for global sequencing results. A strong quality assurance programme ensures 
laboratories are performing accurately and timely and is continuously monitoring, which 
includes the proficiency testing programme and accreditation programme. Laboratories are 
well integrated into surveillance networks in most countries in the Region and in the global 
network. 

When measles incidence is high, most diagnosis is based upon clinical grounds works 
well during outbreaks, with low specificity in non-outbreak settings (many cases of febrile 
rash illness due to other causes, i.e. rubella diagnosed as measles). With improvement in 
measles control overall, there is greater need for laboratory confirmation in accelerated 
control phase, i.e. to test 5–10 samples during outbreaks to confirm the outbreak, to test 
negative measles IgM for rubella, to use Epidemiological link to laboratory confirmed case 
for confirmation of other cases and to identify endemic measles virus strains. In elimination 
settings, confirmation settings will increase with a greater magnitude, i.e. to test every 
suspected case, to sample for IgM testing collected from every suspected case (>80%), and to 
identify measles sequence data from outbreaks and chains of infection.  

In the elimination phase, outbreaks are likely to be imported virus strains and the 
laboratory plays an important role in confirming whether it is importation or endemic strain. 
Other challenges in the elimination phase are that outbreaks remain small and of short 
duration, hence surveillance sensitivity needs to be high. Moreover, collection of appropriate 
and timely samples become critical while there is very low measles incidence. There is lower 
positive predictive value (PPV) for IgM assay and higher chance any positive IgM result 
could be false positive. High immunization coverage increases chance of vaccine IgM 
response. Case investigation is critical for evaluation of cases of measles and for other rash 
illnesses (differential testing). 

Important steps for measles virus isolation include collection of viable virus excreted 
for very short duration. Hence collection of samples for virus isolation should be done at time 
of first contact with health facility at same time of serum collected. Samples needs to be 
shipped as soon as possible to the laboratory under cold chain and then stored appropriately.  

In the elimination phase, most suspected cases are measles IgM negative, hence a high 
level of effort is needed, and many samples collected for virus isolation are not tested. Virus 
isolation requires a laboratory with cell culture facility; half the laboratories in the Region 
have such facilities, but shipment of samples appears to be a challenge. Other challenges are 
discussed below. 
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Virus isolation is preferred, but RT-PCR can be used for virus detection and genotyping 
and extend time after rash onset when virus can be identified or sequenced. There is limited 
success with virus amplification from serum samples while oral fluid (OF) samples have been 
successful in the United Kingdom and in several recent studies, but the first constraint is that 
oral fluid samples are not suitable for virus isolation. Second OF samples should be shipped 
to the laboratory under cold chain within 3 days and OF samples which cannot be sent 
immediately must be stored at −20°C.  

Virological surveillance data analysed in conjunction with standard epidemiological 
data can help to document viral transmission pathways, aid in case classification and track 
progress towards elimination goals. A global genotype and sequence database has been 
established and need real time programmatic and Lab-Net access to genotype data. Timeliness 
of reporting sequence data was emphasized at the last Global Lab-Net meetings and 
timeliness indicators are part of accreditation for sequencing laboratories.  

To improve laboratory capacity, there are plans for a cell culture and molecular 
workshop to be held in early 2007. Supplies for sample collection, including Oracol samples, 
were given to every country. Oracol samples are more cost effective if oral fluid samples are 
collected from confirmed IgM positive cases on follow-up. 

2.3.5 Elimination challenges /IGM detection  

In the elimination phase, low measles incidence requires laboratories to use assay with 
high specificity, i.e. Behring assay is reliable to detect cases of measles and outbreaks. Assays 
with lower specificity may be adequate in countries with endemic measles and outbreaks, and 
good epidemiologial investigation is essential for diagnosis confirmation.  

Regional laboratories have the capacity and capability of detecting measles and rubella 
viruses in the region. Collection and shipment of samples has been challenging in the past, 
and Oracol oral fluid sampling devices can be used during follow-up investigations of positive 
IgM cases. The target is for sufficient samples to be collected for virus detection from 80% of 
identified transmission chains. 

3. INDICATORS TO MONITOR PROGRESS IN MEASLES ELIMINATION 

3.1 Global indicators to monitor progress in measles mortality reduction and 
elimination 
Dr S. Cochi, RTAG member 

Measles elimination is difficult to define. Importations continue to occur and may result 
in small outbreaks. Measles elimination requires the presence of a strong surveillance and 
monitoring system able to document high population immunity, low incidence and absence of 
endemic virus. Hence these criteria are required to assess and report on progress hence to 
generate and sustain political commitment and staff motivation.  
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Measles elimination can be defined as the absence of endemic measles as determined 
by adequate surveillance. Absence of endemic measles = no indigenous chains of 
transmission persisting for ≥1 year. Adequate surveillance = system meets indicators for 
completeness, sensitivity and specificity (including laboratory testing).  

Indicators of adequate measles surveillance include: a) completeness of reporting; b) 
sensitivity of surveillance system/reporting rate; c) adequacy of laboratory testing – IgM 
detection; d) adequacy of epidemiological investigation; and e) adequacy of laboratory testing 
– viral detection. 

a) Completeness of reporting 

To monitor completeness of reporting, there should be a case-based surveillance system.  
Target: ≥80% of units reporting on monthly basis.  
Indicator: no. of units (e.g. districts) reporting to national level at given month / no. of units 
expected to report for that month. 

b) Sensitivity of surveillance system / reporting rate 

Target: At least 2 suspected measles cases (excluding laboratory and epidemiologically 
confirmed) per 100 000 population at national level.  
Indicator: no. of suspected measles/rubella cases (excluding laboratory and epidemiologically 
confirmed) / total country population × 100 000.  

c) Adequacy of laboratory testing 

IgM detection target: specimens adequate for detecting measles IgM should be collected for at 
least 80% of suspected measles cases, excluding cases epidemiologically linked to a 
laboratory-confirmed case from the denominator. 
Laboratory meets WHO accreditation criteria.  
Indicator: no. of cases with adequate (samples collected within 28 days of rash onset) samples 
collected / no. of suspected cases minus no. of epidemiologically linked cases. 

d) Adequacy of epidemiological investigation 

Target: ≥ 80% of suspected cases have an adequate investigation.  
Indicator: no. of suspect measles cases for which an adequate investigation was carried out / 
total no. of suspect measles cases. Adequate investigation includes at a minimum the suspect 
cases with all of the following data elements: date of rash onset, date of specimen collection, 
vaccination status, age and district. 

e) Adequacy of laboratory testing 

Viral detection target: sufficient* samples should be collected for virus detection from 80% of 
identified transmission chains. Indicator: no. of transmission chains (outbreaks) with 
sufficient* samples for viral isolation / no. of identified transmission chains.  
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*Samples from 5–10 cases collected early in the outbreak and every 2–3 months thereafter if 
transmission continues.  

Draft criteria for monitoring progress towards elimination comprise the following. 

• Low incidence: measles incidence of less than 1 confirmed measles case per million 
population per year, excluding cases confirmed as imported. 

• High population immunity: vaccination coverage of at least 90% for the first dose and 
95% at the second opportunity.  

• Duration of outbreaks – 90% of outbreaks are fewer than 10 cases in size. 
• Absence of endemic measles virus strains – epidemiological and laboratory data 

indicate viruses are imported. 

These criteria can only be effectively measured in the presence of an adequate 
surveillance system. Therefore we need a set of indicators for assessing the quality of 
surveillance in countries with elimination goals. 

3.2 Monitoring progress in measles and rubella elimination: European regional 
elimination strategy 
Dr J. Spika, WHO EURO 

Features of the European regional measles elimination strategy are: measles and rubella 
elimination by 2010; routine 2-dose measles vaccine schedule in all countries; 95% + 
coverage for all childhood vaccines; supplementary immunization to reach susceptible groups 
and strengthening the routine programme to reach a new sustainable level; and improving 
access to high-quality information on benefits and risks of immunization.  

Measles challenges in the region include weak immunization programmes, mobile and 
high-risk populations, religious/philosophical objectors, adverse publicity and low vaccine 
effectiveness. Areas needing strengthening include monthly measles reporting, moving to 
case-based surveillance, monthly rubella reporting (7 countries have reported rubella for 
January 2006), CRI surveillance guidelines, CRS reporting and meeting reporting 
completeness and timeliness. 

Definitions used by EURO are as follows. 

Measles suspected case: fever and maculopapular rash and at least one of the following: 
cough, coryza, conjunctivitis. 
Rubella suspected case: maculopapular rash and cervical, sub-occipital or post-auricular 
adenopathy, or arthralgia/arthritis. 
Congenital rubella infection suspected case: mother had a history of exposure to rubella or a 
laboratory-confirmed illness during pregnancy, or infant has: heart disease and/or suspicion 
of deafness and/or one or more of the following eye signs: cataract, diminished vision, 
nystagmus, squint, microphthalmus or congenital glaucoma. 
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Measles and rubella 
Clinical case: A person with signs and symptoms consistent with suspected clinical illness. 
Laboratory-confirmed case: A person with signs and symptoms consistent with suspected 
clinical illness, and who also meets the laboratory criteria for surveillance case confirmation. 
Epidemiologically linked case: A person with signs and symptoms consistent with suspected 
clinical illness, and who was in contact with a laboratory-confirmed case 7–18 (14–21) days 
before the onset of symptoms.  

As identified in the strategic plan 2005–2010, the certification process is modelled after 
polio certification and aims to maintain commitment at regional and national levels, provide 
visibility and link to strengthening national immunization systems. 

4. GROUP WORK: REVIEW OF COUNTRY PROGRESS AND CONSENSUS ON 
INDICATORS  

Under this theme, suggested indicators were discussed by countries which were divided 
in different groups. Table 1 shows the suggested indicators for discussion. 

Table 1.  Suggested indicators for measles elimination, 2006 
Suggested indicators Target 
1) Districts with MCV1 coverage > 90% 
2) Suspect cases with serological testing (3–28 days after rash onset)  
3) Cases with laboratory/epidemiologically linked confirmation 
4) Laboratory results available within 7 days 
5) Suspect cases discarded after laboratory testing  
6) Sources reporting on a timely basis 
7) Case notification < 7 days of rash onset 
8) Cases investigated < 48 hours of notification 
9) Source of infection identified  
10) Outbreaks investigated 

100% 
>80% 
>80% 
>80% 
>80% 
>80% 
>80% 
>80% 
>80% 
All 

 

Indicator: 100% districts with MCV1 coverage more than 90%: Based on 2005, MCV1 
coverage in all districts is > 90% in 7 countries, > 80% in two countries, > 50% in 4 countries 
and < 50% in 8 countries. Data were not available for Lebanon. 

Indicator: > 80% of suspected cases with laboratory testing: 10 countries with >80% of 
serological testing of suspected cases (January–September 2006), while four countries with 
50%–80% serological testing and 7 countries with < 50% while 1 country not reporting. 

Indicator: > 80% of measles cases laboratory/epidemiologically linked confirmed. In 8 
countries > 80% of measles cases are confirmed by laboratory or epidemiological link and in 
6 countries ≥ 50%–80% of measles cases are confirmed by laboratory or epidemiological link 
while in 7 countries this confirmation is done in less than 50% of suspected cases. In one 
country there is no reporting on this indicator. 
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During discussions, it was emphasized that priorities for elimination are for coverage to 
be as high as 95%, and for more attention to be given to genotyping, an area that few 
countries have discussed. There is need to compare the progress of countries compared with 
past years. Countries do not yet have a clear idea of differentiating the epidemic, imported and 
other circulating virus types. Countries that are performing well need to expand activities, 
such as by looking into hospital records and private and public laboratories. Consensus is 
needed on one criterion; in one example countries came up with two different incidence 
criteria, 1/100 000 population and 2/100 000 population. Although countries have identified 
their problems in different programme components, no remedial actions were identified for 
countries to take; this is an area for which further group work is needed in order to come up 
with solutions for weak areas. If countries do not address these problems, we will be unable to 
reach the goal. The approach needs to change in order to reach the goal. Countries should 
identify their priorities. Final indicators are shown in Table 2. 

Table 2.  Final indicators agreed during group work 

 
 

5. STRENGTHENING SURVEILLANCE AND RESPONSE 

5.1 WHO recommendations for outbreak response to measles  
Dr Aliya Dabbagh, WHO HQ 

Measles outbreaks are the result of weaknesses in the routine programme and mass 
campaigns are disruptive to the routine programme. Outbreaks should be used to highlight 
and fix programme weaknesses (e.g. district level immunization session plans) and advocate 
for more resources to strengthen the programme (e.g. add outreach services to neglected 
communities). 

WHO guidelines published in 1999 state that “the immunization response in most 
outbreaks occurs too late to affect the course of the outbreak… Supplementary vaccination 
activities in the course of an outbreak are not recommended unless there is substantial 
political or community pressure … if implemented, SVAs should focus on unaffected areas 
where the epidemic is likely to spread”. This reflects the EPI in many countries. 

Case-based surveillance system 
1) Target: at least 80% of districts reporting on a monthly basis 
2) Target: at least 2 suspected measles cases (excluding laboratory and epidemiologically confirmed) 
per 100 000 population at national level. 
3) No. of suspected measles cases (excluding laboratory and epidemiologically confirmed measles) / 
total country population × 100 000 
Interpretation of this indicator should be linked to the performance of serological testing of suspected 
cases (e.g. testing > 80% of suspected cases) 
 
Adequacy of laboratory testing 
1) Target: specimen adequate for detecting measles IgM should be collected for at least 80% 
suspected measles cases (non-outbreak)  
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Limited available data suggest that outbreak driven immunization activities in 
developing countries do not have a significant impact on the course of measles epidemics. 
Overall there are 66 reports of outbreaks in 35 low/middle income countries while 13 
immunization responses conducted and 8 reported an impact. Because of high transmissible 
nature of measles, it is more effective to prevent an outbreak then interrupt transmission in an 
outbreak that has already begun.  

Since 1999 there have been a lot of changes, i.e. high awareness of the need to detect 
and respond to infectious threats, expansion of the second opportunity for measles 
immunization through nationwide mass vaccination campaigns funded by the measles 
initiative. More than 50% reduction of measles deaths by the end of 2005, analysis of measles 
outbreaks by Epi-Centre and MSF has shown most outbreaks last 3–9 months providing 
adequate time to mount a focused, high quality mass campaign and models suggest a 
substantial number of cases can be prevented through early intervention. 

Development of updated guidelines on outbreak investigation is in progress and the 
target audience includes countries which have a mortality reduction goal. The guidelines are 
not intended for countries with an elimination goal and for emergency settings. As in 
elimination settings, the goal is to stop transmission as soon as possible and one confirmed 
case represents an outbreak leading to very different recommendations for response. 

Appropriate outbreak response includes the following main activities: ensure adequate 
clinical management of cases; intensify surveillance and additional case finding; conduct an 
outbreak investigation; and conduct appropriate vaccination activities. It is critical to have a 
clear definition of an outbreak, as it allows the identification of an outbreak and consequently 
prompt action. 

Suspected outbreak: the occurrence of 5 or more reported suspected cases of measles per 
100 000 population living in a geographic area (district/ block) in one month or an increase in 
the number of suspected measles cases being reported in a specific geographical area in 
specific year compared to the same time the previous year (or non-epidemic year). 

Confirmed outbreak: the occurrence of 3 or more IgM positive (laboratory confirmed) 
measles cases in a health facility/district in a month. If laboratory confirmation is not possible, 
then the outbreak may be clinically confirmed if the suspected number of cases continues to 
rise over a three week period.  

In the absence of laboratory confirmation of measles, the hospitalization of a proportion 
of suspected cases due to measles-related complications (e.g. diarrhoea and respiratory 
infections) can be helpful as an indicator to clinically distinguish measles from rubella 
outbreaks.  

With regard to risk assessment for decision on non-selective vaccination response, as 
soon as a measles outbreak is suspected, the first step to be taken is reinforce EPI, i.e. to 
identify priority (poor performing) areas within the affected district with population groups at 
highest risk and correct programme weaknesses (e.g. adding outreach services to new areas). 
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The second step to be taken is selective vaccination activities, i.e. inform community about 
suspected outbreak and provide instructions, vaccinate children presenting to immunization 
posts 6 months to 5 years of age without a history of measles vaccination (and record in 
vaccination cards), vaccinate hospital staff and children in hospitals, revaccinate children 
receiving measles vaccine before 9 months and ensure sufficient supplies available. The 
programme should inform the affected communities about the outbreak, including information 
on which specific age group of previously unvaccinated children is targeted for measles 
vaccination and where parents should bring their children for vaccination.  

Draft criteria for low population susceptibility 

District-wide supplementary immunization campaigns with ≥ 90% coverage in past 4 years 
and routine coverage of >80% each year of past 4 years.  

Draft criteria for medium population susceptibility 

District-wide supplementary immunization activities with 80%–90% coverage in past 4 years 
and routine coverage of <90% in past 4 years or district-wide supplementary immunization 
campaigns with > 90% coverage 1–4 yrs prior to outbreak and routine coverage < 80% in the 
past 4 yrs.  

Draft criteria for high population susceptibility 

High susceptibility if calculated proportion susceptible is equal to or exceeds one birth cohort 
or no district-wide supplementary immunization in the past 4 years, district-wide 
supplementary immunization with < 80% coverage in past 4 years and routine coverage of < 
80% in any of past 4 years. 

Draft criteria for high risk of transmission/morbidity and mortality 

Two or more of the following: high population density (urban setting); large population with 
movement to/from areas with low level of control; high under-5 mortality rate (latest available 
data); poor nutritional/vitamin A status and high HIV prevalence. 

5.2 Case studies of outbreak investigation and response 

5.2.1 Measles outbreak in Afghanistan and response 
Dr Rana Graber Kakar, WHO Afghanistan 

In Afghanistan, there are two sources of health information: monthly AFP surveillance 
reports and immediate laboratory requests with samples. Both the monthly reports and the 
laboratory requests have case information in a line list format with location, age, sex, date of 
onset, vaccination status, etc.  

A measles outbreak started in Nangarhar province in March 2006.The number of 
reported cases of measles during 2006 was greater than expected, with a clear rise of 398 
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cases in April. The first case of measles was investigated in Khugyani district hospital on 10 
March and was notified to the rapid emergency management team (REMT) between 10 and 
15 March 2006. 

The REMT together with CDC investigated the outbreak and sent notification to the 
national EPI Department. The cases have been occurring in almost all the districts, but mainly 
in Shinwar, Pachir Agam, Bati Kot, Rodat, Khugyani, Achin, Behsud, Deh Bala, and 
Jalalabad city. Laboratory analysis showed 1 (out of 1) laboratory specimen from Khugyani 
negative and 1 (out of 4) specimen from Shinar positive for measles IgM. Response includes 
case management, provision of vitamin A, provision of essential drugs and hospitalization 
when indicated. Pulse immunization was also carried out in some of the districts. 

The failure to achieve 90% measles coverage seems to be the main reason for the 
measles outbreak in Nangarhar province. The total number of measles cases from January to 
September 2006 reported by sentinel site focal points was 682 cases. Results of 48 serum 
specimens from Nangarhar from January–September 2006 showed the number of measles 
confirmed cases as 8 (17%), with 22 (46%) specimens testing negative and 11 out of 48 
samples with equivocal results. Of the remaining, 3 out of 48 specimens were inadequate and 
4 of 48 are pending. Overall the proportion of reported measles cases with blood specimens 
collected was estimated to be 9% (48/539). 

The measles outbreak seems to have come to end, as there were no reports of new 
measles cases from the majority of the districts during September and October 2006. Lessons 
learned include the need for weekly surveillance and response; in this regard, Afghanistan is 
looking into the possibility of setting up a disease early warning system with avian influenza 
funds. As well, it is important that surveillance officers follow outbreak investigation 
guidelines to collect more laboratory specimens and search for cases, while expecting to do 
advocacy with the polio surveillance officers and DEWS. Better flow of laboratory specimens 
is needed, with better communication and coordination, hence there are plans to improve 
laboratory reception to 24 hours per day with an integrated database for DEWS). A final 
important lesson is the need for development of a policy for outbreak response, i.e. mop-up, 
etc. 

5.2.2 Measles outbreak in Saudi Arabia 
Dr Ahmed N. Kholedi, Ministry of Health  

Measles vaccine was introduced in Saudi Arabia in 1974. It was given to children aged 
1–9 years, and there were regular annual campaigns with measles vaccine. In 1982, a royal 
decree was issued mandating the completion of measles vaccine as a mandatory prerequisite 
for receiving the birth certificate. Through this approach, the number of measles cases 
declined to less than 10 000 cases/year in 1988. In 1991, a modification was applied to the 
EPI schedule where measles vaccine was changed to be given at 6 months instead of 9 
months. This modification was followed by slight increase in the number of cases in 1992; 
however, this increase was followed by a sharp decline in the number of cases. This number 
remained at low levels until 2002, when it was observed that the number of reported measles 
cases was increasing and that the increase might be attributed to this change in schedule.  
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High vaccination coverage has been maintained above 90% since 1993. The overall 
measles incidence decreased from 44 per 100 000 population in 1995 to 14 per 100 000 in 
1999 to 1.16 per 100 000 population in 2005. Schools are the main reservoir and source of 
measles; 54% of all measles cases occurred in primary school age children (6–12 years) and 
14% in intermediate and secondary school age children (13–18 years).  

Data on reported cases of measles, rubella and mumps for 1999–2006 show a consistent 
decline in the number of rubella and mumps cases through 1999–2006. However, for measles 
the pattern showed a decline from 1999 to 2001 followed by a rising pattern starting in 2002 
and continuing until 2004, followed again by a decline in 2005 and 2006.  

As a huge number of cases were reported from Jeddah, analysis of data from Jeddah 
showed again a peak of measles cases recorded in 1996, followed by a decline in ensuing 
years until the end of 2001. In 2002 it was recognized that there was an outbreak of measles, 
which continued to be recorded at relatively higher levels until mid 2006. Although the 
incidence of measles in Jeddah was persistently higher among males than females, this 
difference was not found statistically significant. Analysis of the data according to nationality 
showed a significant difference in the reported cases of measles cases among Saudi and non-
Saudi populations. This difference could be attributed to legislation governing the provision 
of health services to the non-Saudis (immunization is allowed for all; however, curative 
services were curtailed for non-Saudis). In Jeddah, there was an almost stable number of 
measles cases among vaccinated children (might be attributed to the efficacy of the vaccine); 
however, there was decline in the number of measles cases among the unvaccinated. This 
difference was not statistically significant. 

In summary, there were remarkable changes in the age distribution of measles cases 
from 2004 to 2005. In 2005, compared with the distribution of cases in 2004, the majority of 
cases occurred in the first year of life and fewer cases occurred in the preschool age. The 
same pattern continued in 2006. This shift of age distribution of cases in the first year could 
be attributed to change of the EPI schedule. Future plans include a national follow-up 
campaign in 2007, raising the coverage of the second MMR dose and monitoring importation.  

5.2.3 Rubella outbreak in Egypt 
Dr Nahed Azzazy, Ministry of Health and Population 

Rubella surveillance has been in place for many years as a part of communicable 
disease system. Prior to the availability of laboratory testing, almost all rubella cases were 
diagnosed as measles. 

Analysis of measles/rubella cases during January–September 2006 found the total 
number of suspected measles/rubella cases as 3856 cases of which for 1404 cases blood 
specimens were collected. Out of total suspected cases, 2280 cases were confirmed rubella 
while 554 were confirmed measles (Table 3). Among confirmed rubella cases (2280), 366 
were laboratory confirmed and 1914 were epidemiologically linked cases. Age distribution of 
reported rubella cases showed a clear high occurrence (1334 cases) in age group 11–15 years 
followed by age group 16–20 years with 449 cases; and 241 cases occurred in age group 6–10 
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years. Overall more than 88% of the rubella cases fell in the age group 6–20 years. 
Vaccination status showed that 4% of cases had one dose of vaccine, 14% had unknown 
vaccination status and the rest (82%) were not vaccinated. The majority (58%) of cases were 
among males. Monthly distribution of rubella cases showed that the peak was in March, with 
964 cases compared to 149 in February, while after March a stepwise decline was observed 
until September, with 21 cases. 

Table 3.  Reported rubella cases in Egypt, 2002–September 2006  
Year No. of cases Age group No. of governorates 

2002* 274 5–9 3 

2003 261 5–15 3 

2004 21 Sporadic 

2005 520 11–20 3 

2006** 2280 11–20 5 

*Laboratory surveillance was introduced in 2002  
** January–September 

In Egypt during 2005–2006, there were a number of outbreaks of rubella. Over the past 
9 months in 2006, 5 governorates reported rubella outbreaks: Alexandria, Port Said, Damietta, 
Dakahlia and Ismailia. The outbreak in Port Said and Alexandria started in 2005. In these two 
governorates, there has been a shift in cases to higher age groups compared to 2005. 

Port Said governorate had the most number of rubella cases in 2005 (67%). The 
outbreak continued in 2006 and was extended to 3 adjacent governorates (Ismailia, Damietta, 
Dakahlia). More than 70% of the rubella cases that occurred in 2006 were reported from 
governorates adjacent to Port Said. Rubella cases appeared among older age groups and the 
majority of cases fell in the age group of 11–25 years. 

The outbreak started in 2005 and continued in 2006. In 2005, most cases occurred in 3 
districts. In 2006, most cases occurred in two different districts, in addition to continuation of 
the outbreak in the districts of the previous year (showing the widespread of the disease). In 
2005, there were only 68 cases of rubella while in 2006 there were 458 cases of rubella, 
occurring mainly among older age groups. 

A plan for implementation of MR campaign is under preparation in collaboration with 
WHO and UNICEF. The plan includes: maintaining high routine vaccination coverage of 
MMR; strengthening the surveillance system; developing a CRS surveillance system; 
developing a strategy to immunize health care providers; and developing a strategy to check 
vaccination status of children at school admission. 

The primary challenge is lack of funding, which has delayed MR campaigns, with more 
than 30 000 000 needing to be vaccinated within the target age group (6–20 years). The 
estimated cost of the vaccine is around US$ 18 million and the cost of the AD and safety 
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boxes is around US$ 2 million. Other operational costs may reach US$ 6 million, with the 
total cost of the campaign reaching US$ 26 million. Under-reporting from the private sector, 
educational hospitals, university hospitals, police and military hospitals is also a challenge.  

6. STRENGTHENING DATA MANAGEMENT 

WHO is giving particular attention to data management, and hence in this meeting three 
different software packages were presented and discussed: software for surveillance of major 
vaccine-preventable diseases; a system for laboratory information management (SLIM); and 
software for monitoring coverage and susceptibility profiles at the provincial and district 
level. All are Windows-based, user-friendly applications that support multi-level users and 
electronic data transmission. 

7. STRATEGIES FOR MOVING FORWARD IN MEASLES ELIMINATION 

7.1 Importance of supplementary immunization activities in measles elimination 
Jeffrey McFarland, UNICEF 

The strategy for sustainable measles mortality reduction or measles elimination 
includes the components below: 

• Strong routine immunization of at least 80% 
• Second opportunity for measles immunization 

– one time only “catch-up” campaign (< 15 years) 
– “follow-up” campaigns every 3–4 years (< 5 years)  
– campaigns linked to other priority health interventions (vitamin A, polio, TT, 

bednets, etc.) 
• Surveillance 
• Improved case management. 

A supplementary immunization activity is any nationwide or subnational measles 
immunization campaign. This can be a routinely scheduled campaign to deliver a second 
opportunity for measles vaccination to all children in the target population. The impact of 
such campaigns includes achieving an immediate and dramatic decrease in measles virus 
transmission, measles cases and measles deaths. They hasten control or elimination of 
measles by years compared to a strategy without supplementary measles immunization 
campaigns.  

As a result of the accelerated vaccination activities, the estimated global number of 
measles deaths decreased from approximately 871 000 in 1999 to 454 000 in 2004. This 
represents a 48% decline by the end of 2004. With the additional campaigns conducted in 
2005, it is very likely that the 50% reduction target has been exceeded. As coverage data are 
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still being collected from countries, the 2005 number is not yet finalized3. These impressive 
results will be published in March in the weekly publications of both WHO and CDC.  

Along with high first- and second-dose coverage, supplementary measles immunization 
campaigns are necessary to reach measles elimination on time. It is also very important to 
sustain high population immunity and measles elimination, whether through routine or 
supplementary immunization. 

Surveillance and other available data should be used to assess population immunity and 
measles virus transmission, followed by periodic follow-up supplementary immunization 
activities until routine second dose coverage is high. Consideration should be given to 
introducing a routine second dose when first dose coverage reaches 80% and also to stopping 
campaigns when coverage for both doses reaches 90%. 

7.2 Role of national advisory committees 
Dr Ezzeddine Mohsini, WHO EMRO 

A questionnaire on the role of the national advisory committee (NAC) was developed 
by the Regional Office and sent to all countries of the Region. Ten countries responded to 
questionnaire on time: Bahrain, Egypt, Iraq, Jordan, Kuwait, Libyan Arab Jamahiriya, Sudan, 
Syrian Arab Republic, United Arab Emirates and Yemen. Among the responses, only one 
country provided terms of reference for the national advisory committee. 

Some of information provided through country progress reports on implementation of 
the 23rd ICM recommendations was contradicted by information provided by the NAC 
questionnaire, i.e. for Egypt and Yemen. Iraq and Yemen also mixed data between the 
country measles managerial team and national advisory committee. 

With regard to the presence of a national measles TAG, 5 countries (Bahrain, Egypt, 
Jordan, Libyan Arab Jamahiriya and United Arab Emirates) have a national measles TAG, 
while Iraq, Kuwait, Sudan and Yemen do not. The Syrian Arab Republic is in the process of 
establishing a TAG. Among countries with a measles TAG, only Egypt provided terms of 
reference. The TAG in Bahrain meets monthly, in the United Arab Emirates it meets quarterly 
and in Jordan and Egypt the national advisory committee meets 2–3 times a year. All 
countries who have a NAC or measles TAG maintain meeting minutes. Participants of these 
meetings include only measles TAG members in Bahrain and Libyan Arab Jamahiriya; in 
Egypt, Jordan and United Arab Emirates, all stakeholders participate in the meetings. 
Composition of the TAG includes Ministry officials in Bahrain, Kuwait and United Arab 
Emirates, and the Ministry of Health and private sector in the Libyan Arab Jamahiriya. The 
TAG in Jordan and the United Arab Emirates includes Ministry officials, paediatric society 
and academia. Measles technical aspects are dealt with by the national advisory committee. In 
the Libyan Arab Jamahiriya, the committee includes clinicians, community physicians and 
health inspectors.  

                                                 
3 Source: WHO/IVB measles deaths estimates 
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An immunization national advisory committee (INAC) exists in Bahrain, Egypt, Jordan, 
Kuwait, Libyan Arab Jamahiriya and United Arab Emirates; in Iraq and Sudan formulation of 
this committee is in process. There is no such committee in the Syrian Arab Republic or 
Yemen. Composition of this committee is different for different countries, i.e. in Egypt and 
Jordan it includes the Ministry of Health, academia and paediatric society. In the Libyan Arab 
Jamahiriya, clinicians, community physicians and health inspectors are part of it. In Kuwait 
and United Arab Emirates, only Ministry officials are members. This committee meets twice a 
year in Egypt and the United Arab Emirates, four times a year in Kuwait and the Libyan Arab 
Jamahiriya and “whenever needed” in Bahrain and Jordan. Meeting minutes of this committee 
are systematic in Egypt, Jordan, Libyan Arab Jamahiriya and United Arab Emirates. 

Almost all countries have measles elimination “teams”, but coordination is an area that 
needs attention. The measles TAG exists in some countries, but composition, terms of 
reference and functioning mechanisms are different. An INAC exists in 16 countries, but there 
is no information on links between the measles TAG and INAC (except in Jordan). These 
committees need to coordinate well and avoid duplication of roles; merging them into one 
official immunization national advisory committee is one solution. Terms of reference can be 
as wide as advising on national immunization policy, strategies and operational issues while 
having a wide composition, i.e. all stakeholders including the Ministry of Health (EPI, PHC, 
CDC, NRA and pharmaceutical, planning and resources departments), ministries of education 
(school health), finance and planning, defense (military immunization activities), scientific 
research and information (media), along with paediatric society, infectious diseases society, 
the private sector and academia, with the possibility of inviting other stakeholders whenever 
needed. This committee should also have a clear functioning mechanism (role distribution, 
meeting procedures including agenda and minutes, etc). Smaller specific sub-committees or 
groups could also be derived from the INAC as necessary, i.e. polio (expert and certification), 
measles TAG, NVI, vaccine procurement, immunization campaign implementation 
(preferably chaired by one of the INAC members), and expanded to other experts, preferably 
those proposed by the INAC. Such subcommittees would require well-defined terms of 
reference and well-identified functioning mechanisms.  

For example, composition and terms of reference of a measles sub-committee should 
respond to the measles elimination programme requirements and country managerial and 
administrative specificities. Such a sub-committee could: advise on strategies and 
programmatic issues; monitor progress and constraints towards elimination (vaccine delivery, 
routine and campaigns, surveillance including laboratory, coordination, cases classification, 
etc); and assist in advocacy and social mobilization (private sector, paediatricians, etc). 
Composition may include the national EPI (secretariat), measles surveillance officer, head of 
the national measles laboratory, an epidemiologist, one paediatrician, private sector, 
paediatric society, school health programme, PHC department and academia. Membership 
could be expanded to other experts/stakeholders whenever needed (community in case of 
immunization campaigns, etc). The committee should meet at least every three months and 
review case classification and monitoring indicators, detect weaknesses, review strategies and 
propose practical solutions plus any other pressing issues. Minutes should be systematic and 
should be shared with all INAC members, decision-makers and all stakeholders and should 
report on progress to every INAC meeting. 
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7.3 Panel discussion of key activities at the national level: surveillance activities in the 
Islamic Republic of Iran 

In the Islamic Republic of Iran, the measles surveillance system was established in 
1991 and strengthened in 1996. Vaccine was introduced in 1966 in Teheran, and measles 
vaccination was launched in the EPI system in 1994. In 1996, a measles vaccination campaign 
was conducted in 35 low-coverage districts for children from 9 months to 15 years, with 93% 
coverage. A measles and CRS elimination campaign was planned based on an increase in 
number of measles cases between 1997 and 2003. The surveillance system also changed to 
case-based surveillance in 2003. 

As part of measles and CRS elimination, a multi-year plan was developed by the EPI 
department and endorsed by the Ministry of Health and Medical Education. Measles was 
included in the terms of reference of the national immunization committee. New guidelines 
were developed for surveillance of measles in the elimination phase. The EPI schedule was 
changed, with introduction of MMR vaccine instead of measles and introduction of a 2-dose 
schedule for children aged one year and older. Reporting and investigation forms were also 
revised. 

The EPI department has provided sufficient amounts of MMR vaccine, AD syringes 
and safety boxes for the coming year. Vaccine procurement will be done through a local 
manufacturer; NRA improvement is also planned with World Bank and WHO support.  

Plans have been developed to improve the cold chain through renewal of cold rooms in 
some areas, providing and distributing digital thermometers, providing cold boxes, and 
advocating with vaccine-producing companies to include VVM with the measles vaccine. 
There are plans to provide 41 vehicles for vaccine distribution and to conduct EVSM 
workshops at national and district levels in coordination with WHO and UNICEF. Primary 
assessment of the cold chain at national level will be carried out by WHO. 

AEFI surveillance includes: strengthening post-marketing surveillance for MMR 
vaccine and holding many workshops for AEFI by national budget and WHO support; 
sending the AEFI report to the national regulatory authority and vaccine manufacturer; 
putting all AEFI news, including MMR adverse events, on the CDC bulletin; and providing 
panel discussions of MMR adverse events at annual paediatric conferences.  

Communication and education are an integral part of a surveillance system. In this area, 
planned activities include: knowledge improvement through holding workshops for different 
level; raising the measles elimination issue on the paediatric annual conference; making topics 
and discussions on different aspects of measles part of continuing medical education 
programmes; putting new measles guideline (and other guidelines in health system) content of 
the final exam of the paediatric and infectious residency course; and providing 
communication materials. 

Surveillance system strengthening includes data analysis on a regular basis, with 
provision and dissemination of feedback. It also includes conducting a coverage survey, 
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planning for DQS by WHO support, use of the RED approach in low-coverage districts, 
planning for supplementary campaigns in low-coverage areas at the eastern border and 
according to national committee advice, planning for hospital record review, and post-
campaign data analysis and review by a national expert team in coordination with WHO. 
Laboratory strengthening includes providing guidelines for case-based sampling, providing 
kits and financial support, enhancing cooperation of between EPI and laboratory experts and 
strengthening data exchange between laboratories and surveillance focal points. 

8. MEASLES/RUBELLA LABORATORY ISSUES 

8.1 Quality assurance issues: standard operating protocols  
Dr Henda Triki, RRL Tunisia 

A standard operating protocol is a document that describes in a very clear manner, step 
by step, all details of an activity performed in a laboratory. The SOP is different from the 
protocols available in the WHO laboratory manual and from the instruction sheets provided 
by kit suppliers. 

An SOP is specific to each laboratory and should be written in the working language of 
the laboratory. It should be very clear for the person assigned to the activity. SOPs should 
include all details specific to the laboratory that will allow any person to perform the work 
when needed, in the absence of the one routinely assigned to the activity. The list of SOPs 
should cover all the activities performed in the laboratory by all staff members as part of the 
measles/rubella surveillance work. It is preferable not to include activities that may be 
performed separately in time and activities that are the responsibility of different persons. An 
example is virus isolation from clinical samples: SOP for preparation of specimens for virus 
isolation; SOP for inoculation of samples on cell culture; and SOP for the final 
immunofluorescence test. Steps for the elaboration of an SOP are as follows. 

1) SOP is written by the person who is actually performing the work, i.e. the technician, 
and validated by the laboratory supervisor. 

2) SOP is tested with a trainee or a technician having a minimum of knowledge on the 
technique but not performing routinely the work.  

3) SOP is corrected and re-validated by the laboratory supervisor and finally approved by 
external QA experts. 

SOPs developed or under development in the regional reference laboratory in Tunisia 
cover serological activities, virus isolation on cell culture, molecular techniques and routine 
activities and maintenance. 

Writing SOPs is a very laborious exercise but extremely important. For the laboratory, 
the benefits of SOPs include better definition of responsibilities, continuity and regularity of 
all activities and improvement of tractability. For the technicians who develop or carry out 
work, the benefits are better understanding of their own work and better commitment to the 
work at the laboratory level: 
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“The best technicians are not the ones who are the most experienced or the best in 
performing an activity. Rather, the best technicians are those who perform their work very 
well and share their knowledge and expertise with their colleagues and who make every 
effort to ensure their work is very well done when they are not available to do it.” 

8.2 Challenges in shipment of samples into the network and proposal for subnational 
laboratories and RRL 
Dr Hinda Ahmed, WHO EMRO 

Dr Hinda proposed the participants to follow the points below when sample arrives, i.e. 
to follow standard precautions, to complete laboratory request form, to notice and record 
condition of the specimen and making aliquots before testing when serum is collected 0–5 
days post rash onset freeze at −70 °C for possible molecular analysis. 

Components of the laboratory request form may include the following elements: 
country, locality, ID, name, age, sex, date of rash onset, type of specimen/sample (dried 
blood, whole blood, serum, urine, throat swab, Oral fluid, date of last vaccination, date of 
collection, date of receiving sample, condition of specimen upon receipt (good/ bad), name of 
person receiving specimen at laboratory and an address to whom results should be reported. 

For testing of serum, procedures are to: test serum samples within 4 days of receiving 
and record in worksheet all pertinent information; doublecheck recording results when 
transferring to data reporting. Positive serum with good quantity should be aliquot 
immediately after testing for validation/PT and all serum samples should be stored at −20 °C 
or −70 °C minimum for 12 months. Serum samples when used validated assay, with 10% of 
both positive and negative samples and equivocal with every outbreak represented, with 
minimum of 10 samples if annual samples number less than 100 and select samples with good 
quantity. If using non-validated assay, select 20% of samples from every outbreak and send 
referral samples to regional reference laboratory at least every 3 months or immediately if any 
doubts about results. 

To facilitate specimen transport without cold chain, more subregional reference 
laboratories are needed, i.e. in Egypt and Pakistan and in other countries with higher 
populations. 

Specimen Serology Virus isolation RNA amplification 
and genotyping 

Serum +  ± 
Urines  + + 
Throat swabs  + + 
Nasopharyngeal aspirates  + + 
Blood/PBMC  ± ± 
Oral fluids +  + 
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Laboratory specimens for measles virus isolation should comprise: 10–50 ml urine 
sample or a throat/ nasal swab (or both) taken at first contact, 0–5 days post rash with 5–10 
samples from each outbreaks and isolated cases depending on country situation. For specimen 
storage and transportation, procedures are to: ship to laboratory on wet ice (4–8 °C) within 48 
hours and after centrifugation store at −70 °C; and monitor molecular epidemiological 
transmission of measles virus during and after outbreaks and differentiate endemic virus 
versus new imported. 

There are six criteria for laboratory accreditation: 

1) Test results are reported by the laboratory on at least 80% of measles IgM samples 
within 7 days of receipt; 

2) Serological tests are performed on at least 50 serological specimens annually;  
3) The accuracy of measles and rubella IgM detection is at least 90%; 
4) Internal quality control (QC) procedures for IgM assays are implemented; 
5) The score on the most recent WHO approved proficiency test is at least 90%; and 
6) The score from the annual on-site review of laboratory operating procedures and 

practice is at least 80%.  

Some of the deficiencies observed during laboratory assessments in the Region include 
lack of appropriate specimen data registration system; lack of written SOPs for different 
laboratory activities; lack of internal quality control; lack of adherence to instructions for 
placing the positive controls and temperature monitoring; lack of proper specimen storage; 
and not sending specimens to the RRL. 

8.3 Alternative diagnostic methods studies on dried blood and oral fluid 
Mr D. Featherstone, WHO HQ 

Serum versus plasma  

Pros: Serum is “gold standard” for ELISA. It can be used to detect IgM, IgG (and sometimes 
nucleic acid by PCR). Most health facilities have experience in venepuncture and health 
facilities may have syringes and cold chain equipment. Volume is usually not a problem and 
cost is moderate. 

Cons: Blood sample collection for serum is an invasive process. It is difficult in infants, but 
other issues include whether it is a safe practice, centrifuge or separation facility, 
requirements for containers for serum and maintenance of cold chain. Molecular techniques 
are also challenging. 

Dried blood sampling  

Pros are that it is “serum” based with a relatively simple technique and many health staff may 
have experienced it already. Transportation is simple and cold chain is not required for short 
periods. It may be used for RT-PCR and this method is inexpensive. 
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Cons include its being an invasive process, special materials are needed for collection, device 
and volume may be limited and retesting is difficult. 

Oral fluid sampling  

Pros are that it is: safe, simple, easy to collect (self), and the collection device can be used for 
transport, is stable at 37°C and provides adequate volume for re-testing. 

Cons are that a “special” collection device is needed, lower levels of IgM and IgG of serum 
more sensitive immunoassays may be needed and only limited assays are available at present. 

The Western Pacific Region was the first to begin implementation of laboratory 
containment. Most of the countries of the region have established the infrastructure to 
implement activities and are in the process of finalizing inventories. The European Region, 
which hopes to be certified as polio-free next year, has made tremendous progress in 
laboratory containment in a short amount of time. This is especially impressive considering 
the complexity of the laboratory infrastructure in this region. Almost all of the countries have 
a national task force and half are beginning to implement activities. In the Eastern 
Mediterranean Region, there are some countries that have been polio-free for many years. 
These polio non-endemic countries have also begun implementation. It is a similar situation in 
the South-East Asia Region; only India has had WPV circulation this year so the other 
countries have begun planning. In the Region of the Americas, which was certified as polio-
free in 1991, they are addressing containment issues after regional certification. Canada and 
the United States of America have begun implementation with Canada already completing a 
national survey of laboratories. The countries of Latin America are scheduled to start 
implementation next year. In the African Region, which also has large areas that have been 
polio-free for many years, regional planning has started. 

Serum is still the “gold standard” sample for IgM detection. Both oral fluid and dried 
blood offer a satisfactory alternative to serum for measles IgM detection, under specific 
circumstances (difficult to collect or transport samples). Molecular amplification/detection of 
measles virus is possible, with higher sensitivity for oral fluid than for dried blood. IgM and 
RNA stability data for Oral fluid are promising for up to week at 37 °C; field evaluation data 
is in progress. Rubella dried blood data looks promising and rubella oral fluid still being 
evaluated. 

8.4 New cell line: vero/slam cell and importance of measles/rubella virus isolation  
Dr Suleiman Al Busaidy, Oman 

Virus isolation is required in health scenarios for virus detection in clinical material and 
to do Epidemiological investigations. Virus isolation depends on the collection of high quality 
specimens, rapid transport to the laboratory and appropriate storage before laboratory testing. 
Virus is best detected in specimens containing infected cells and secretions. Specimens for 
direct detection of viral antigens or nucleic acid and virus isolation in cell cultures should be 
taken within 3–5 days after the onset of clinical symptoms. 



WHO-EM/EPI/259/E 
Page 26 

 

Molecular characterization and identification of measles virus strains is an important 
part of a measles elimination strategy, because it allows public health officials to better 
understand the changing epidemiology of measles as the elimination programme progresses. 
These sophisticated genomic analyses can identify the source of the virus, for instance, 
whether it is likely to be domestic or imported; they can elucidate pathways of transmission, 
allowing for the implementation of well targeted interventions; and these data can provide 
evidence supporting the documentation of the interruption of domestic transmission of 
measles virus. Note: a strain bank of isolates is best assembled the earlier the better. This 
requires the participation of the national laboratory, a regional reference laboratory and one of 
the global strain banks.  

The first important aspect of virus isolation is proper collection of clinical specimens: 
collect the right specimen; collect at the right time; transport in the right way; and send to the 
right laboratory. Two important criteria in this process are collection of specimen on first 
contact with the patient and aseptic collection of the second specimen. 

For measles virological surveillance, the preferred specimens are either a urine sample 
or a throat/nasal swab (or both) taken at first contact with the suspected case. Greatest success 
for virus isolation occurs if the specimens are taken within 0–5 days after rash onset. 

Advantages of using Vero/SLAM cells are that they are not persistently infected with 
EBV like B95a cells, so there is no biological hazard with the cells. Uninfected cells can be 
shipped without the restrictions associated with shipments containing infectious substances 
(B95a). They can be used to isolate measles virus or rubella virus (mumps, sensitivity is 
unknown). The disadvantage of the Vero/SLAM cells is that they must be cultured in a 
medium containing Geneticin.  

Good management principles for cell culture are as follows: 

• Prepare a master cell stock at the lowest passage that provides adequate bank of cells for 
future use.  

• Prevent cross-contamination with other cell lines.  
• Handle one cell line at a time.  
• Separate procedures between uninfected cells and infected cells.  
• Perform virus isolation in batches when a sufficient number of samples are available.  
• Always record passage levels and do not exceed 15 passages for Vero/SLAM cells.  

Recommended procedures for Vero/SLAM cells are as follows. 

Specimen: Nasopharyngeal aspirate, urine or throat swab. Virus isolation is useful for genetic 
information only. Nasopharyngeal specimens, aspirate or swab needs to be in viral transport 
media (VTM). For urine, its pellet is reconstituted in VTM.  
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8.5 Measles molecular epidemiology and the role of virus isolation: measles and 
rubella genotype 
Mr D. Featherstone, WHO HQ 

Molecular epidemiological techniques must be used in conjunction with standard 
epidemiological techniques and can provide a valuable tool to: monitor transmission of 
measles virus during and after outbreaks; differentiate ongoing transmission of endemic virus 
from new imported source of virus; aid in the classification of unusual or severe cases; and 
confirm suspected vaccine reactions. 

Nomenclature for description of the genetic characteristics of wild-type measles viruses 
was first published in 1998, followed by a number of updates, the most recent of which was 
for 2006. 

WHO standard reference sequences for each genotype include 23 genotypes, i.e. A, B1, 
B2, B3 C1, C2, D1, D2, D3, D4, D5, D6, D7, D8 D9, D10, F, G1, G2, G3, H1, H2. Ten new 
or proposed genotypes have been recognized since 1998 and designation of new genotypes is 
based on both molecular and epidemiological criteria. They must have a reference strain. All 
vaccines including Edmonston-derived and non-Edmonston-derived (e.g. CAM-70) are in 
genotype A. Vaccines are efficacious against all genotypes 

Problems for virological surveillance include lack of appropriate virological specimens, 
timeliness of investigation/specimen collection, lack of awareness of the need to collect 
specimens or the collection protocols, difficulties with reverse cold chain, storage and 
transport of specimens and lack of equipment and supplies for obtaining, processing and 
storing specimens. 

Genetic characterization of wild-type measles viruses provides a means to facilitate the 
study of transmission pathways of the virus and is an essential component of laboratory-based 
measles surveillance activities. Virological surveillance needs to be expanded in all areas of 
the world and conducted during all phases of measles control. Samples should be obtained 
from each chain of transmission. Timely reporting and dissemination of genotype data is vital. 
In this regard logistic problems need to be addressed, i.e. expansion of the WHO laboratory 
network, continued training of laboratory and field staff and targeted introduction of new 
techniques. 

Note: CDC Strain Bank Web Site: www.cdc.gov/ncidod/dvrd/revb/measles 

8.6 Discussion  

Good communication between EPI and the laboratory is vital, particularly given the 
target of 80% sample testing. In this regard, terms of reference needs to be very clear. EPI and 
laboratories have complementary roles at country level, and the laboratory needs to support 
the sample collection process. Concerns were raised about the perceived role of laboratory 
technicians in sample collection, as in many countries laboratory technicians are in short 
supply. 
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With regard to the issue of post-vaccination positive laboratory cases, the laboratory 
should report them as positive, after which the EPI team should identify and separate cases 
that might be positive due to vaccination. Standard operating procedures need to be followed 
to ensure that samples are accompanied by information about the case.  

Collection times, serology and the need for training on genotyping are ongoing issues. 
In countries where rubella is not included in the immunization schedule, samples should be 
tested for rubella. Countries need to inform regional laboratory in Tunisia ahead of time about 
the number of samples they plan to send, since the regional laboratory needs to order reagents. 
In terms of accreditation, 50 samples are sufficient; this is the minimum requirement and 
more samples can be sent.  

9. DISCUSSION AND CONCLUSIONS 

With regard to advisory and national immunization committees, it was pointed out that 
such committees comprise mostly technical people who are mostly involved in national 
immunization activities and hence they are unable to give time. Members of the advisory 
group need to be part of a technical advisory committee. Although countries have different 
conditions and contexts, the terms of reference of the committees will be mostly common 
across countries. The TAG will send prototype terms of reference for the national working 
group/technical committee/advisory group. It is also important to train more professionals 
from regulatory authorities in the Region, especially with new vaccines coming. As well, the 
role of the national advisory committee is very important. 

In Saudi Arabia, coverage of the first dose is higher than that of the second dose, at 
school age. The strategy is now not to accept children at school until they are vaccinated. 
These issues will be re-examined at the end of 2007. It was emphasized that both MCV1 and 
MCV2 coverage in Saudi Arabia are low and need to be increased. Countries generally need 
to look more closely at their data and use the data. Resources should not constrain countries in 
their immunization activities: through GAVI there are now specific funds for resource-poor 
countries. 

The importance of the laboratory in surveillance cannot be overemphasized. In 
countries where disease is endemic, samples need to be collected from 80% of suspected 
cases, while in countries where virus circulation has been interrupted, samples should be 
collected from 100% of suspected cases. 

The Regional Office is encouraging stronger integration of EPI with other control 
programmes for vaccine-preventable diseases, such as polio eradication, through requesting 
one plan for all EPI diseases including polio. Some countries have good experience in this 
area, such as in Punjab province of Pakistan where there is complete integration of EPI, 
including one technical committee. 

Decisions about when to administer MCV1, i.e. at 18 months versus 12 months, must 
ensure high coverage of the target age group among all populations: we cannot miss children 
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of migrants and nomads and other populations who not might get to school. All children need 
to be vaccinated and proper records need to be kept. 

Although countries of the Region differ in status with regard to achieving elimination 
goals, all countries can learn from each others’ experience and all should work together with 
each other and with WHO, UNICEF and GAVI in order to achieve the goals. A proper 
communication strategy is critical, to ensure that ministers and other policy-makers are 
sensitized about the elimination goals. 

After the meeting, a pro-forma will be sent to all participants for their recommendations 
and their plans to move forward. Virus genotyping information is available on the EMRO 
website and will also be distributed on the meeting CD. 

10. RECOMMENDATIONS  

1. All countries should form a national technical advisory group to monitor progress in 
measles elimination. This NTAG should meet at least 4 times a year and send meeting 
reports to all stakeholders at the national level, the Ministry of Health, and the 
Regional Office.  

2. All countries should adopt the following indicators for measles surveillance.  

Completeness of reporting 
Indicator: > 80% of districts reporting on a monthly basis 

Sensitivity of reporting system 
Indicator: At least 2 suspected cases of measles cases (excluding laboratory and EPI-
confirmed measles and rubella) per 100 000 population at the national level. 

Adequacy of laboratory testing 
Indicator: > 80% of suspect measles cases are tested for measles IgM antibody, 
excluding cases epidemiologically linked to a laboratory confirmed case from the 
denominator. 

Adequacy of epidemiological investigation 
Indicator: > 80% of suspect measles cases have an adequate epidemiological 
investigation. (An adequate investigation includes at a minimum the suspect cases 
with all of the following data elements; date of rash onset, date of specimen collection, 
vaccination status, date of last vaccination, age, and district).  

Adequacy of laboratory testing 
Indicator: > 80% of measles virus outbreaks and chains of transmission chains 
(outbreaks) have sufficient samples for viral isolation. 
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3. The RTAG recommends that all countries adopt the following draft indicators for 
monitoring progress in measles elimination, anticipating that WHO will formalize a 
certification process in due time. 
a. Measles incidence of < 1 confirmed case per million population per year, 

excluding cases confirmed as imported. 
b. All districts with > 90% vaccination coverage for the first dose of measles 

vaccine and 95% coverage national coverage for the second dose.  
c. > 90% of outbreaks are < 10 cases in size.  
d. Epidemiological and laboratory data indicate that measles viruses are imported.  

4. The RTAG recognizes the importance of characterizing circulating measles virus as 
part of the surveillance process. Country measles teams are encouraged to develop 
capacity to collect clinical samples for measles virus identification during the first 
encounter of suspect measles cases. 

5. The Regional Office will send Member States a template for specific country action 
items to be immediately implemented and completed in 2007. The national measles 
team should complete this template by the end of 2006 and include a time-line and 
indicators to monitor progress.  

6. The Regional Office will provide ministers of health with country-specific 
recommendations in early 2007, along with a country profile commenting on progress 
in measles elimination and main activities agreed upon during this meeting. This letter 
should include draft terms of reference for a measles national technical advisory group. 

7. The Regional Office should continue to share information on circulating genotypes 
through the EMRO measles web site. 

8. The Regional Office should develop regional guidelines for measles surveillance and 
outbreak response and distribute to countries by the time of the next EPI managers’ 
meeting.  
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Annex 1  

PROGRAMME 

Monday, 27 November 2006 

08:00−09:00 Registration 
09:00−09:30 Opening session 

Message from Dr Hussein A. Gezairy, Regional Director, WHO/EMRO / 
Dr Hashim El-Zein, WHO Representative 
Address by H.E. Dr Sa’ad Kharabsheh, Minister of Health, Jordan 
Election of Officers 
Adoption of the Agenda 

 Session I: Global and regional updates 
09:30−09:45 Global and Regional Progress on measles control and elimination / Dr F. 

Mahoney, WHO/EMRO 
09:45−10:00 Overview of the regional laboratory networks / Dr H. Ahmed, 

WHO/EMRO 
10:00−10:15 Role of the laboratory in monitoring measles elimination / Mr D. 

Featherstone, WHO/HQ 
10:15−11:00 Discussion 
 Session II: Indicators to monitor progress in measles elimination 
11:00-11:15 Global indicators to monitor progress in measles mortality reduction and 

elimination / Dr S. Cochi, RTAG 
11:15−11:30 Monitoring progress in measles and rubella elimination / Dr J. Spika, 

WHO/EURO 
11:30−11:45 Discussion and orientation to group work  
 Session III: Review of country progress 
11:45−17:15 Group work 

Tuesday, 28 November 2006 

09:00−10:45 Presentation of group work and consensus on indicators 
 Session IV: Strengthening surveillance and response 
10:45−11:00 WHO recommendations for outbreak response to measles / Dr A. 

Dabbagh, WHO/HQ 
11:00−12:00 Case studies in outbreak investigations and response 

Measles in Afghanistan 
Measles in Saudi Arabia 
Rubella in Egypt 

12:00−13:30 Poster session 
13:30−15:30 Group work: consensus 

Detection and reporting of outbreaks 
Monitoring chains of transmission 
Practical strategies for virus isolation 

 Session V: Strengthening data management 
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15:30−17:00 Group 1: Monitoring coverage and susceptibility profiles at the 
provincial/district level 
Group 2: Surveillance for measles 
Group 3: System for laboratory information management in EMRO 

Wednesday, 29 November 2006 

09:00−11:00 Presentations on group work of day 2 
 Session VI: Strategies for moving forward in measles elimination 
11:00−11:15 Importance of supplementary immunization activities in measles 

elimination / Dr J. McFarland, UNICEF/HQ 
11:15−11:30 Advocacy and communication / Ms A. Christie, A. Red Cross 

11:30−11:45 Role of National Advisory Committees / Dr E. Mohsni, WHO/EMRO 
11:45−13:30 Panel discussion of key activities at the national level / Iran, Morocco, 

Oman, Sudan 
13:30−14:00 Wrap-up 

14:00 Recommendations and closing session 

Thursday, 30 November 2006 

 Measles/rubella laboratory meeting 
08:45−09:00 Opening session 

Welcome notes 
Objectives of the meeting 
Introduction of participants  
Election of officers 
Adoption of the agenda 

09:00−09:20 Country presentations on measles/rubella laboratory activities progress 
and challenges; Summary presentation from groups of countries. 
Group 1: Afghanistan, Sudan, Somalia, Djibouti, Libyan Arab Jamahiriya 
and Yemen 

09:20−09:40 Group 2: Islamic Republic of Iran, Iraq, Jordan, Morocco and Pakistan 
09:40−10:10 Group 3: Egypt, Lebanon, Palestine, Syrian Arab Republic and Tunisia 
10:10−10:30 Group 4: Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and United Arab 

Emirates 
10:30−11:10 Discussion 
11:10−11:30 Updating QA issues related including standard operating protocols and 

good laboratory management / Dr Henda Triki, Tunis 
11:30−11:50 Challenges in shipment of samples into the network and proposal for 

subnational laboratories and RRL / Dr Hinda Ahmed, WHO/EMRO 
11:50−12:10 Group discussion: meeting laboratory indicators and accreditation 

assessment 
12:10−12:30  Alternative diagnostic methods; Studies on dried blood and oral fluid / 

Mr D. Featherstone, WHO/HQ 
12:30−12:50 New cell line: Vero/SLAM cell and importance of measles/rubella virus 

isolation / Dr Suleiman Al Busaidy, Oman 
12:50−13:10 Measles molecular epidemiology and the role of virus isolation: measles 

and rubella genotype / Mr D. Featherstone, WHO/HQ 
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13:10−14:20 Discussion 
14:20−15:00 Strengthening laboratory/EPI communication and software for 

laboratory information management recording and monthly reporting to 
EMRO 

15:00−15:45 Group discussion: Supplies issues, training needs and challenges facing 
the laboratory network towards measles elimination 

15:45−16:30 Group work: Drafting action plans and recommendations for the EMR 
laboratory network 

16:30 Closing session 
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