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NOTE 

The views expressed in this report are those of the participants of the Sixth Hands-on Training on 

Molecular Laboratory Diagnosis of Measles and Rubella and do not necessarily reflect the policies of 

the World Health Organization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This report has been prepared by the World Health Organization Regional Office for the Western 

Pacific for the participants of the Sixth Hands-on Training on Molecular Laboratory Diagnosis of 

Measles and Rubella, which was held in Hong Kong SAR (China) from 29 February to 4 March 2016. 
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SUMMARY 

The Sixth Hands-on Training on Molecular Laboratory Diagnosis of Measles and Rubella was held at 

the Public Health Laboratory Centre (PHLC) in Hong Kong SAR (China) from 29 February to 4 

March 2016. The training was organized by the Expanded Programme on Immunization (EPI) of the 

World Health Organization (WHO) Regional Office for the Western Pacific, and was hosted by the 

Virology Division, Centre for Health Protection, Hong Kong SAR (China). The training, which 

consisted of lectures, country reports and practical sessions, focused on understanding the needs and 

role of the measles and rubella laboratory networks and learning about the use of molecular assays.  

During the practical session, participants were introduced to real-time reverse transcription 

polymerase chain reaction (rRT-PCR), conventional PCR and sequencing for virus genotyping for 

measles and rubella. Overall, participants provided positive feedback on the workshop, which they 

considered met its objectives. Participants also expressed that the schedule and administrative 

arrangements were well organized. 

The training provided an opportunity to further enhance the Region's capacity for molecular detection, 

genotyping and sequence analysis of measles and rubella viruses, and for the timely detection and 

analysis of circulating strains in the Region.  

1.  INTRODUCTION 

1.1  Participants 

The training was attended by 17 participants from 14 WHO-designated subnational, national or 

regional reference measles and rubella laboratories from Australia (one participant), China (four 

participants), the Lao People’s Democratic Republic (two participants), Macao SAR (China) (one 

participant), Malaysia (one participant), Mongolia (one participant), New Zealand (one participant), 

the Philippines (two participants), the Republic of Korea (one participant), Singapore (one participant) 

and Viet Nam (two participants).  In addition to the WHO Secretariat, the training was facilitated by 

temporary advisers from the United States Centers for Disease Control and Prevention (US CDC), 

National Institute of Infectious Diseases (NIID), Japan, and Public Health Laboratory Centre (PHLC), 

Hong Kong (China). A list of participants and facilitators is included in Annex 1. 

1.2  Objectives 

The objectives of the training were: 

1) to enhance the knowledge and skills of staff from WHO regional reference laboratories 

(RRLs) and selected national measles and rubella laboratories in: 

a) molecular detection of measles and rubella viruses using the new real-time reverse 

transcription polymerase chain reaction (rRT-PCR) and sequencing; 

b) laboratory quality assurance of molecular detection of measles and rubella virus; and 
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c) sequence data analysis of measles and rubella data analysis. 

2) to discuss and practise the procedures of depositing the measles and rubella genotype and 

sequence data to Measles Nucleotide Surveillance (MeaNS) and the WHO genotype database. 

2.  PROCEEDINGS 

2.1 Lecture sessions 

2.1.1 Global status of measles and rubella programme and laboratory network 

In 2010, the World Health Assembly endorsed three global milestone targets towards measles 

elimination to be achieved by 2015: 1) vaccination coverage of 90% at national level and 80% in 

every district; 2) reported incidence of less than five measles cases per million population; and 3) 

mortality reduction of 95% compared to 2000 levels. Based on demonstrated impact of vaccination on 

reducing disease burden, member countries in all six WHO regions have established target dates for 

elimination of measles, and two regions have established target dates for rubella elimination. In 2014, 

122 (63%) countries reported national measles-containing vaccine first dose (MCV1) coverage of 

90%, measles incidence down by 73% (40 cases/million), and measles deaths down by 79%. The 

targets were missed because two thirds of all cases were children who were not vaccinated with two 

doses of measles vaccine. Six countries (Democratic Republic of Congo, Ethiopia, India, Indonesia, 

Nigeria and Pakistan) account for half of unvaccinated infants and two thirds of estimated measles 

deaths. Around 20.6 million infants missed MCV1 vaccination in 2014. 

Despite weak reporting and surveillance for rubella, reported incidence generally reflects where 

rubella vaccination has not been introduced. This failure to integrate the prevention of rubella and 

congenital rubella syndrome (CRS) with measles elimination represents a major missed opportunity 

for integration and disease control. A decrease of rubella cases was reported to WHO from 161 

countries (83%) in 2014. In the Western Pacific Region, there was a decrease in the number of rubella 

cases with improved reporting in several countries; meanwhile, the number of rubella cases reported 

increased in the African and South-East Asian regions in 2014. Progress at all levels is somewhat 

stagnant and very slow. The scorecard against the three global 2015 targets is that MCV1 coverage 

remains static, and the rate of decrease in both measles incidence and measles mortality is too slow to 

achieve the 2015 targets. Only one WHO region, the Region of the Americas, is on track for reaching 

elimination. 

The Global Measles and Rubella Laboratory Network (GMRLN) is being enhanced with several 

activities including: 1) working groups preparing the measles and rubella (MR) seroprevalence 

guidelines, standardization of rubella IgG testing, revision of MR laboratory manual, extended 

window/whole genome and next generation sequencing, and comparison of diagnostic serology kits; 

2) new technologies on high throughput multiplex serology, point-of-care testing, and vaccine rRT-

PCR; 3) introduction of molecular EQA with Institute for Standardization and Documentation in 

Medical Laboratories e.V. (INSTAND e.V.); 4) annualized accreditation process including desk 

review; and 5) continued onsite training or workshops.  
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Laboratory network support for virologic surveillance is now well established in all WHO regions, 

though virologic surveillance in some areas is still not adequate. From December 2014 to November 

2015, there were eight measles genotypes reported globally, namely: B3, D3, D4, D6, D8, D9, G3 and 

HI. Data from 2010 to 2015 revealed the diversity of measles genotypes in the six WHO regions. 

Virologic surveillance has improved substantially in the WHO African Region. The most frequently 

detected – and clearly endemic – genotype in most of the African continent was genotype B3. 

Endemic transmission has been eliminated in the Region of the Americas. Analysis of viruses isolated 

from measles cases and outbreaks in the Americas indicates that there is no ongoing transmission of 

an endemic genotype or genotypes; rather, the diversity of genotypes detected is indicative of 

multiple, imported sources of virus. The Eastern Mediterranean Region (EMR) laboratory network 

has increased its capacity for virus detection and genotyping. Reported genotypes included B3, D4, 

D5, D8 and H1. The most frequently detected genotype was D4 in 2010 and B3 in 2012–2015. In the 

European Region, genotypes D8, D4, D9 and B3 were found, and D4 and D8 were the most 

frequently detected genotypes. In the South-East Asia Region, genotypes D4, D8, D9 were endemic, 

and B3 was also reported in 2012 and 2014. Virologic surveillance is well established in the Western 

Pacific Region. From 2010 through 2015, genotypes B3, D4, D8, D9, G3 and H1 were reported. 

Genotype H1 continues to be the indigenous strain in China. Although remarkable progress has been 

made, better surveillance data are needed to verify that the elimination targets have been reached. 

Data from December 2014 to November 2015 showed five rubella genotypes: 1E, 1J, 1G, 1A and 2B. 

The most frequently detected rubella genotypes are 1E and 2B. Although knowledge concerning the 

geographic distribution of rubella genotypes has progressed significantly, the rubella genotypes 

present in many countries and regions remain unknown.  

Many challenges remain, however, including: expanding and enhancing surveillance to support 

elimination goals; introduction of measles and rubella vaccine second dose; human resources in 

laboratories; genotype data timeliness and completeness; continuing outbreaks and burden to 

laboratories; and competing priorities like Ebola, Middle East respiratory syndrome (MERS) and Zika 

virus. The global measles and rubella laboratory network will ensure that all countries have access to 

quality laboratory support for surveillance for measles and rubella, will strengthen and maintain 

capacity among all national laboratories so that they have the tools needed to support verification of 

elimination of measles and rubella including genotyping capacity, and will advocate for GMRLN 

partners to provide support for molecular surveillance activities. The longer-term goals for GMRLN 

are to fully integrate testing for measles and rubella within the laboratory network and to include 

testing for other vaccine-preventable diseases as required by national programmes. Results from all 

external quality assessment (EQA) testing will be reported via a web interface; laboratories will have 

access to a full range of laboratory methods needed for case classification/confirmation in pre- and 

post-elimination settings; laboratory and case-based surveillance data for suspected cases of measles 

and rubella (including congenital rubella syndrome) will be linkable at the national level and reported 

on a weekly or monthly basis; and all laboratories will have the training and capacity to analyse 

sequence information from circulating strains of measles and rubella and to incorporate this 

information into national reports. 

2.1.2 Updates from the WHO regional measles and rubella laboratory network  

In 2014, Australia, Macao SAR (China), Mongolia and the Republic of Korea were verified as having 

achieved measles elimination, while Brunei Darussalam, Cambodia and Japan were verified in March 
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2015. New Zealand plans to submit its verification report in March 2016. Hong Kong SAR (China) 

and Singapore may be ready for verification. Despite these achievements, large outbreaks occurred in 

2013 and 2014 in the Lao People’s Democratic Republic and the Pacific island countries and areas, 

but they were temporally or geographically limited. There is also endemic or re-established endemic 

transmission in China, Malaysia, Mongolia, the Philippines and Viet Nam. In the Western Pacific 

Region, the number of rubella cases increased 10-fold from 7854 in 2000 to 73 137 in 2011. During 

that period, China started to report rubella cases in 2004. Regionally, the number of reported rubella 

cases decreased from 44 325 in 2012 to 8853 in 2015. Australia, New Zealand, the Republic of Korea 

and Singapore are approaching rubella elimination. Japan developed and officially issued a national 

plan and strategy for rubella elimination in 2014 and determined 2020 as the target year for 

elimination. Mongolia aims to eliminate rubella by 2020 and has drafted a National Strategy for 

Measles and Rubella Elimination 2016–2020. Cambodia has announced that it will start developing a 

national plan and strategy for rubella elimination. 

The regional measles and rubella laboratory network plays an important role in measles and rubella 

surveillance by providing timely and reliable laboratory confirmation and identification of virus 

strains and genetic characterization of viral isolates. A quality assurance programme is being 

implemented to maintain the high-quality laboratory network. During 2014–2015, most of the 

laboratories achieved the target indicator for timeliness of reporting (80% within 4 days), and the 

proportion of laboratory-confirmed and genotyped cases increased. From 2012 through 2015, 

genotypes B3, D4, D8, D9, G3 and H1were reported. Genotype H1 continues to be the indigenous 

strain in China. For countries with measles elimination verification, genotype evidence supports the 

interruption of endemic measles virus transmission. Though laboratory detection has been improved, 

reporting to MeaNS and to the WHO Regional Office for the Western Pacific has to be harmonized 

since the genotype data reported to MeaNS was inconsistent with the genotype data reported to WHO. 

During 2014–2015, rubella genotypes reported were 2B and IE. From 2012 to 2015, two hands-on 

training workshops on laboratory diagnosis of measles and rubella as well as cell culture techniques 

were held in Hong Kong SAR (China), and two vaccine-preventable diseases laboratory network 

meetings were organized in Manila. Steps to move forward were discussed: 1) follow up with national 

laboratories in Malaysia, Papua New Guinea and Viet Nam on the timeliness of IgM reporting; 2) 

work with EPI colleagues to improve the sample collection strategy for countries with large-scale 

outbreaks; c) continually improve measles/rubella molecular detection and reporting (Malaysia, 

Mongolia and Viet Nam); 4) report genotype information to MeaNS; and 5) strengthen rubella 

virologic surveillance and CRS surveillance. 

2.1.3 Molecular techniques for measles virus detection and genotyping   

Virologic surveillance and case confirmation are the two key activities of the laboratory component of 

measles surveillance. Virologic surveillance involves amplification of PCR products containing 

required sequencing windows for measles and rubella. It can be amplified from clinical samples or 

cell culture; PCR products are sequenced and sequences are analysed to determine genotype. Case 

confirmation includes the detection of ribonucleic acid (RNA) from measles or rubella virus in 

clinical samples. PCR results are considered along with results from IgM testing. The extent of 

molecular testing for case classification will vary by country and by stage of the programme. 

Molecular epidemiologic studies are a key component of verification of measles elimination that 

target to obtain genotype information from at least 80% of chains of transmission. The criterion for 
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elimination of measles is absence of an endemic genotype for 36 months. Genetic data in conjunction 

with standard epidemiologic information can be used to track transmission patterns and identify 

sources of infection. Only sequence analysis can distinguish vaccine reactions from infection with 

wild type virus. It was emphasized that PCR is used to confirm a case when IgM is negative/not 

reliable. Results of samples tested showed PCR positive in 70% of secondary vaccine failure, and IgM 

positive in 50% of secondary vaccine failure. Sequence is required to confirm a vaccine reaction.  

Real-time RT-PCR can detect 10-100 copies of RNA/sample in a high throughput format and produce 

results within two hours. It also can help to confirm a case when serologic results are inconclusive but 

negative results do not rule out a case. It is more sensitive than conventional (endpoint) RT-PCR.  

Sequence information from the conventional PCR is required for genotype assignment and 

confirmation of vaccine reactions. The real-time PCR product is not suitable for sequence analysis.  

As of 29 January 2015, 303 measles cases with complete data were reported in the United States of 

America in 2014. Of these, 216 (71%) cases were laboratory confirmed, 63 (29%) cases were both 

IgM and PCR positive, 29 (12%) were IgM positive only, and 124 (57%) were PCR positive only.  

The measles TaqMan® rRT-PCR kit provided by US CDC contains two samples of measles-positive 

synthetic control RNA. The cycle threshold (Ct) values of the measles virus (MeV) high control are 

usually between 22.6 and 25.8 (lot 15-1), and the Ct values of the MeV low control are usually 

between 29.0 and 32.5 (lot 15-1). The negative controls can be a non-template control, such as water, 

and an extraction control, which is a negative sample that has passed through the RNA extraction 

process. Both controls must give negative (undetected, undetermined) results for a valid assay. 

Another important control is the RNase P control since all human cells contain RNaseP mRNA. If 

MeV or rubella virus rRT-PCR produces a negative result, the RNA sample may have been 

insufficient. 

The measles rRT-PCR kit supplied by US CDC contains primers and probes only; other reagents and 

materials need to be supplied by the user. The measles genotyping kit contains improved primers 

MeV214 and MeV216 and the synthetic control RNA. Measles RNA for RT-PCR can be extracted 

from either infected cells or clinical samples. The primers MeV214 and MeV 216 are also used in the 

sequencing reactions.  

2.1.4 Molecular techniques for rubella virus detection and genotyping  

Clinical diagnosis of postnatal rubella infection and CRS are often non-reliable. All suspected cases 

must be laboratory confirmed. Molecular testing is used to improve case classification in the first 

three days after rash onset, monitoring infectivity of CRS in infants, distinguishing between vaccine-

associated and wild-type viruses, establishing endemic genotype baselines, and tracking transmission 

patterns and identifying sources of infection using genetic data.  In pre- or post-elimination settings, 

the goal is to obtain genetic information from every chain of transmission. Collection of samples is 

very challenging because adequate samples have to be collected in a timely manner for sporadic 

cases, and because CRS cases can shed the virus for six months or longer. Specimens must be taken at 

first contact with suspected case. Throat swab, nasal wash and oral fluid are best specimens for virus 

detection or virus isolation. Other samples in which viral RNA can be detected at lower frequencies 

are urine, IgM-positive serum and dried blood spots (DBS).  
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Processing the sample for RNA extraction and virus isolation, and testing for detection of rubella 

“direct from sample” molecular tests were discussed. The US CDC molecular assays – rubella 

diagnostic RT-PCR kit, rubella diagnostic rRT-PCR kit and rubella virus genotyping kit – were 

introduced. There are also challenges for sequencing/genotyping rubella viruses directly from samples 

because of high guanine-cytosine content, low copy number in clinical samples, and large 

amplicon/sequence window size. Rubella virus clinical samples often have low copy numbers. 

Negative results cannot be used to rule out a case because the negative result may be due to an 

inadequate specimen. In a collection of 44 rRT-PCR-positive clinical samples (nasopharyngeal and 

urine), 18 (59%) contained fewer than 100 copies/2ul of input RNA. The rubella sequence window is 

739 nucleotides (nt) in length. RT-PCR amplicon needs to be larger (e.g. 945 nt) to allow for primer 

binding sites and low quality sequence close to the primer sites. In general, the larger the amplicon, 

the higher the minimum copy number required for template production. Currently, serum is usually 

the commonly available specimen for genotyping. In order to increase the ability to obtain rubella 

virus sequences for molecular epidemiological purposes (especially genetic baseline), a protocol for 

detection and amplification of rubella virus RNA in serum was developed. Rubella IgM positive sera 

collected within three days of rash onset were tested with sensitive real-time RT-PCR and nested set 

RT-PCR on all real-time positive sera was performed. Nested RT-PCR positives were sequenced. The 

success rate for obtaining rubella genotypes from serum was low (18/203, ~9%), but the results are 

consistent enough to be useful. The genotypes were consistent with those reported from the same or 

nearby countries during the same time period. The oldest sequence was 14 years old (Belize). Success 

depends on serum quality (e.g. number of freeze–thaw cycles). Nested RT-PCR should be done only 

by highly trained laboratories with the necessary infrastructure in place (separate pipets, separate 

rooms for reaction assembly) to avoid sample cross contamination, such as RRL. Submission of 

rubella sequences to the Rubella Nucleotide Surveillance (RubeNS) database should be done in a 

timely manner. Utility of RubeNS is fundamentally limited by low number of deposited viral 

sequences. 

In summary, molecular epidemiology is an essential component of documenting and verifying rubella 

and CRS elimination. Nasopharyngeal swab, oral fluid or archival serum samples should be utilized in 

countries where genetic baseline information is lacking. Lack of collection of specimens is a major 

impediment. A genotype baseline map of viruses found in each state/district in the country should be 

developed and maintained. Since virologic surveillance is limited worldwide for rubella viruses, 

laboratories in the network should work together on interpreting genotype information. 

2.1.5  Measles molecular epidemiology 

Molecular characterization of measles and rubella viruses plays an increasingly important role in 

laboratory surveillance. Articles in the Weekly Epidemiological Record (WER)1,2 and Journal of 

Infectious Diseases were recommended for reading, including Global Distribution of Measles 

Genotypes and Measles Molecular Epidemiology3, and Improving Global Virologic Surveillance for 

                                                      
1

 Measles and virus nomenclature update. WER. 2012;87(9):73–80.  
2

 Genetic diversity of wild-type measles viruses and the global measles nucleotide surveillance database 

(MeaNS). WER. 2015; 90(30):373–380. 
3

 Global distribution of measles genotypes and measles molecular epidemiology. J Infect Dis. 

2011;204(suppl 1):S514–23. doi: 10.1093/infdis/jir118 
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Measles and Rubella4. During 2015, the most detected measles genotypes were B3, D8, D9 and H1. 

In the Western Pacific Region, genotypes B3, D8, D9 and H1were reported. Genotype H1 continues 

to be the indigenous strain in China. In the European Region, B3, D8 and H1 measles genotypes 

predominated with D8 genotype the most reported. To determine the adequacy of the virologic 

surveillance, the proportion of suspected cases (excluding epi-linked cases) with adequate sample 

collection should be equal to or above 80%; however, it is difficult to get samples from sporadic 

cases. It was concluded that molecular epidemiologic studies are a key component of verification of 

measles elimination. One indicator for verification of elimination will be absence of an endemic 

genotype for 36 months. Genetic data can be used to track transmission patterns and identify sources 

of infection. Vaccination programmes frequently interrupt transmission of measles lineages, but 

reintroduction of measles is a problem (sometimes with an apparent switch in genotype). Multiple 

lineages of genotype D8 in the Americas in 2013 were discussed. Measles virus genotyping can help 

establish the source country of an imported case since different genotypes circulate in different 

countries. However, genotyping alone is not sufficient since each genotype can circulate in multiple 

countries and even in different regions of the world; hence, the use of MeaNS was emphasized. 

Genotype data should be reviewed in conjunction with epidemiological information, such as travel 

and exposure histories, to determine which country may be the source of an imported case to the 

Americas. 

2.1.6 Quality control for molecular techniques 

Molecular characterization of measles and rubella viruses plays an increasingly important role in 

laboratory surveillance. It is necessary to develop a quality control programme for molecular 

techniques. Virologic surveillance does not use commercially available kits, so there is a need to 

design quality control measures. The GMRLN has well-established internal quality control 

programmes for validation of molecular tests. However, since many laboratories are just initiating 

molecular testing, US CDC offers diagnostic RT-PCR and genotyping kits with positive controls and 

fast technology analysis (FTA) practice panels to support quality control in the GMRLN. She 

emphasized the reasons why US CDC kits should be used over other kits, such as:  

1) defined lower limit of detection; 2) demonstrated specificity (BLAST searched primer sequences 

and tested non-measles/rubella samples); 4) minimal background banding; 5) kits include control 

RNA of known sequence preferably with genetic markers to clearly identify control reactions; 6) 

defined/optimized reaction conditions; 7) demonstrated ability to detect all circulating genotypes; and 

8) flexible platform/chemistry. She also highlighted strategies for working with RNA and avoiding 

contamination.  

The measles agarose gel electrophoresis results should have a clear visible molecular weight marker. 

The gel needs to run long enough to clearly determine the size of bands. Bands should be the expected 

size: approximately 630 bp for MeV genotyping PCR. There should be no extra bands (“primer 

dimers” are OK). Positive controls must show strong bands. If the negative control lane shows a band, 

the experiment must be repeated. If there are extra bands, try a regular clean-up and sequencing 

before gel-purification. Quality control in genotyping RT-PCR (end point RT-PCR) should be 

observed. Assay controls should be monitored. Always use positive and negative controls in all RT-

PCR assays. Use US CDC positive controls (supplied in kits) to monitor for contamination from 

                                                      
4

 Improving global virologic surveillance for measles and rubella. J Infect Dis. 2011;204 (suppl 1):S506–

13. doi: 10.1093/infdis/jir117 
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positive controls. Maintain temperature control for storage of reagents and RNA. Maintain and 

regularly service equipment. Maintain directional workflow. Document all agarose gels with a 

photograph, including the marker, and email the results to RRL or GSL for comments. 

Sequencing has one primer, does not need amplification and requires a larger amount of template. 

Meanwhile, PCR has two primers, needs amplification and requires a small amount of template. 

However, both use repeated cycles of denaturation, annealing and extension. Sanger sequencing by 

capillary electrophoresis is the gold-standard DNA sequencing technique that is used in a number of 

laboratories. The incorporation of labelled nucleotides happens at random. Fragments are generated 

with all kinds of length. All fragments end with a labelled nucleotide. Fragments cover the whole 

template (1-700 bp, depending on conditions). The chromatogram should have evenly spaced, sharp 

and well-defined peaks. Data quality cannot be determined by observation of the sequence text or 

Mega files alone; the staff must check the chromatogram. Applied Biosystems Sequencing Analysis 

displays chromatograms or sequences with quality values. If the quality values for a base are low in 

all four sequences, repeat the sequencing reactions. The sequencer offers the following advantages: 1) 

aligns sequences and shows quality through background shading; 2) facilitates trimming of sequences; 

3) generates consensus sequence; 4) a click on a base and the position in the chromatogram can be 

seen; and 5) useful for preparing sequences for phylogenetic analysis and for quality control. 

However, the machine is very expensive. There are considerations for a successful sequencing 

reaction: 1) template quality and quantity: check the purified PCR product on a gel before sequencing; 

2) primers: primer dilutions are relatively stable, but repeated freezing and thawing may affect primer 

quality; 3) age of enzyme and primer kits (How often have they been frozen and thawed?); and 4) 

proper clean-up of sequencing reactions to remove impurities. 

2.1.7  Global measles sequence database 

The MeaNS database is a web-accessible and quality-controlled nucleotide database for the Global 

Measles and Rubella Laboratory Network. It is for genotyping and sequence matching to other 

circulating viruses and comparison/phylogeny with viruses in other countries. It is a tool to track 

measles sequence diversity and monitor elimination of virus strains. The MeaNS database has the 

ability to upload data to GenBank and eliminates the need for multiple reporting. Only members of 

the Global Measles and Rubella Laboratory Network can submit and view sequence data according to 

terms and conditions. It was emphasized that vaccine-derived sequences should not be submitted to 

MeaNS.  

Submission of sequencing data started in 2000 from six WHO regions. Some information from the 

database may be downloaded without registration. Registration is free for users from academic and 

non-profit institutions, based on the terms and conditions given in the academic license. Commercial 

users are advised to register their interest and could be given access to the restricted part of the 

database, on a case-by-case basis, depending on their access needs. Global measles laboratories that 

wish to contribute data to the MeaNS database are advised to contact Dr Kevin Brown at 

kevin.brown-AT-phe.org.uk or Means-AT-phe.gov.uk. Sequences can be stored according to the 

WHO name, but there cannot be two different sequences with same WHO name. The WHO name 

cannot be edited once submitted; however, if needed, an email can be sent to MeaNS to modify the 

name. The national laboratories are encouraged to analyse genotype information as the Regional 

Verification Committee will want to see not just the genotypes but also the exact matches in MeaNS.  
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A list of genotypes detected each year is not sufficient, and thus, phylogenetic analysis of the 

sequences from all cases that have been genotyped should be performed. The sequences must be 

matched to named lineage in MeaNS to help identify transmission chains and potential sources of 

importation. 

2.1.8 Global rubella sequence database 

RubeNS is a tool for reporting rubella sequences to WHO, genotyping rubella strains, analysing 

global distribution of genotypes, comparing rubella sequences with others in the database, and 

searching any combination of fields in the database. This database currently (24 February 2016) 

contains 1539 viral sequences. The use and functionality of the database, as well as its content and the 

steps to use it online, were discussed. For suggestions and feedback on RubeNS, contact Dr Kevin 

Brown at kevin.brown@phe.org.uk and Pierre Rivailler at PRivailler@cdc.gov. Between 2013 and 

2015, there were 428 genotypes reported to RubeNS by laboratories from the Western Pacific Region. 

A reduction in rubella genotypes diversity from 2000 onwards was noted. 

2.1.9 Instructions for FTA practice panel and proficiency tests 

The panel contains fast technology analysis (FTA) of nucleic acid discs loaded with lysates of 

measles- or rubella-infected cells. Filters are non-infectious, but RNA remains intact (at least one year 

at 4°C); it can be extracted by standard methods, and can be shipped at 4°C or at room temperature 

and stored at 4°C. The disks can be used to test RNA extraction, RT-PCR, sequencing and sequence 

analysis. PCR products should be sequenced by laboratories that are capable of sequencing or should 

be shipped to the appropriate RRL for sequencing analysis. FTA cards can be used to ship clinical 

samples for virus detection if isolation is not required or if shipping specimens is difficult. The FTA 

cards should not be used to ship serum samples or nucleic acid. Panels are usually distributed at WHO 

intercountry training workshops as homework. 

Proficiency testing using Whatman FTA cards began in 2014 to cover the routine work being 

performed in the laboratory. Twenty-two laboratories participated, and 21 laboratories reported their 

results for measles and rubella. All of them passed. In 2015, 41 out of 49 participating laboratories 

reported their measles results; 37 laboratories passed and three laboratories had pending re-testing 

results. Forty laboratories reported their rubella results; 36 laboratories passed and three laboratories 

had pending re-testing results.  

The participants were informed that the FTA practice panels for measles and rubella will be 

distributed on the last day of the workshop. Mechanics on the processing, testing and reporting of 

practice panel results after the workshop were elaborated. Results will be reported to WHO Western 

Pacific Region Laboratory Coordinator and US CDC no later than 2 months after receiving the panel. 

2.2 Country reports 

Australia 

Samples are screened using real-time PCR, and when the results are positive, genotyping and 

sequencing are performed. With suspected vaccine-associated cases, the measles real-time vaccine 

assay is run concurrently with the measles PCR screening assay. During an outbreak, health services  
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actively vaccinate people at risk, which sometimes produces symptomatic cases. Samples from these 

symptomatic cases are tested using assays that will determine in a timely manner whether the measles 

virus is wild-type or vaccine strain. The laboratory is using measles virus genotyping PCR based on 

WHO protocol. Generally, positive cases with a cycle threshold (Ct) up to 32 in the real-time 

screening assay are suitable for the single-round conventional genotyping PCR. It was noted that for 

samples with a Ct value over 32 in the real-time screening assay, the single-round PCR may or may 

not produce product. In this case, genotyping is performed via a nested PCR using first-round in-

house primers followed by a second-round PCR with the WHO-designated measles primers. When a 

novel N-gene genotype is detected, sequencing the haemagglutinin (H) gene is performed to verify 

this novel genotype. When a novel type is detected, the sample is then inoculated into Vero/hSLAM 

cells to isolate the virus. The serology department performs routine IgM EIA testing. When there is an 

IgM-positive sample, and no other specimen such as throat swab or urine has been obtained from the 

patient, genotyping will be performed on the serum sample. Positive cases are reported daily to the 

State Department of Health, and laboratory data are reported to the Commonwealth Department of 

Health and Ageing and to WHO on a monthly basis. 

A comparison of measles PCR and genotyping data reveals a lower number of measles-confirmed 

cases in 2015 (n=61) than in 2012 (n=112) and 2014 (n=225). Various measles genotypes that have 

been circulating in Australia for the past eight years were imported from Europe, Asia and the 

subcontinent. Between 2012 and 2015, measles was detected in Australia year round and various 

genotypes were identified. There were two large spikes representing outbreaks in 2012 and 2014. The 

2012 measles outbreak occurred in Western and South-western Sydney in New South Wales. It 

involved 173 cases of measles genotype D8 (single lineage imported from Thailand). The 2014 

outbreak had 153 cases with genotype B3 detected. Genotyping results demonstrated that there were 

multiple introductions of B3. There were at least 24 importations from the Philippines, which 

coincided with a large B3 outbreak in the Philippines at the same time. Genotype B3 of the same 

lineage was also imported from China, Indonesia, Papua New Guinea, Singapore and Viet Nam. 

Rubella diagnosis also employs real-time PCR. Any positive samples are tested using conventional 

single-round genotyping PCR which produces two fragment products of the E1 gene based on the 

WHO protocol. If there are issues with the results, a hemi-nested conventional PCR is used to allow 

the genotype to be ascertained. Laboratory data are reported in the same manner as measles data. 

Rubella genotyping has not been successful.  

As a part of quality assurance, the laboratory participates in the WHO Measles and Rubella Quality 

Assurance Programme. On a daily basis, quality control is monitored. For examples, all the samples 

that are to be tested are spiked with an internal control using bovine diarrhoea virus, which is added at 

the extraction stage. The bovine virus is added to the lysis buffer, which allows us to monitor the 

extraction step, the reverse-transcription stage and PCR to detect any potential inhibitory factors that 

may affect the assay results. Positive measles and rubella controls are included in each run to monitor 

the assay performance. And on a weekly basis, an environmental laboratory contamination check for 

measles amplicon in the laboratory is also done. Though Australia was verified in 2014 to have 

achieved measles elimination, measles elimination programmes should be strongly sustained. In order 

to maintain this status, vaccination levels must remain high and surveillance systems must remain 

sensitive to any cases detected and acted upon as soon as possible. 
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China 

Between 1991 and 2008, measles incidence in China was extremely high; however, China has made a 

lot of progress towards the measles elimination goal since 2009. Synchronized, nationwide 

supplemental immunization activities (SIAs) were conducted in 2010, and after the nationwide SIAs, 

China reported historically low incidence rates of measles from 2009 to 2013. In 2014, there was an 

increase in the number of cases in China. It was also noted that the age group with the measles 

infection changed from children aged 2 to14 years to infants younger than 8 months and adults older 

than 20 years during the period 1988–2014. 

The China measles laboratory network is composed of three different levels of laboratories. Most of 

the serologic diagnosis for suspected measles cases is performed by prefecture laboratories. These 

laboratories are also responsible for specimen collection. The provincial laboratories perform virus 

isolation and identification, and the national laboratories perform genotyping. Both the national and 

provincial laboratories are responsible to provide technical support and ensure and monitor the quality 

control implemented in the lower-level laboratories. Between 2009 and 2015, the proportion of 

sporadic cases positive for measles and rubella has decreased yearly; however, measles-positive cases 

increased up to 41% during 2013 and 2015. Cases from outbreaks comprise a very small portion of 

the total measles and rubella cases. China’s network laboratories implement quality assurance 

programmes such as proficiency test (PT), confirmatory test, WHO onsite accreditation and training. 

All of them passed the WHO IgM PT from 2013 to 2015. Measles and Rubella molecular PT has been 

implemented in the WHO measles and rubella laboratory network since 2012. China CDC and two 

provincial laboratories, Jilin and Yunnan, participated in WHO measles and rubella molecular PT in 

2012, but only China CDC participated in 2014 and 2015. The Chinese Government provided special 

financial support for measles elimination especially laboratory testing. China CDC also implemented 

measles and rubella molecular PT for the 31 provincial laboratories in December 2014; all of them 

passed. All of the provincial laboratories send samples for confirmatory testing to China CDC every 2 

years. The criteria for concordance is >95% for measles and >90% for rubella. Also, a series of 

workshops and trainings were held in China from 2013 to 2015. All network laboratories in China are 

WHO-accredited. 

From 1993 to 2015, 13 919 measles isolates and nine genotypes were detected: H1, H2, A, B3, D4, 

D8, D9, D11 and G3. Of these genotypes, H1 is the predominant strain circulating for at least 20 

years. There were also multiple imported viruses found since 2009. Except for Tibet, all other 30 

provinces have obtained measles viruses since 1993 and all of the laboratories have detected H1 

genotype. In 2014, a total of 4919 measles isolates were genotyped from 30 provinces and the results 

showed 4872 H1, 10 B3, three D8, nine D9, one G3 and 24 vaccine strains. Genotyping results of 

3841 measles isolates from 29 provinces in 2015 detected 3827 H1, one D9 and seven vaccine strains. 

There is a single comprehensive measles surveillance information system in China, since 2009, and 

all genotyping results are reported to WHO. 

Virological surveillance of rubella was initiated in 1999, and a total of 1737 rubella isolates were 

obtained. Four genotypes – 1E (n=1027), 1F (n=15), 2A (n=4), and 2B (n=691) – were detected. All 

provinces except Xinjiang and Tibet have successfully carried out the virological surveillance. From 

2004 to 2015, the reported rubella cases were found in children younger than 15 years of age. The 

proportion of cases within the 15–39 year age group increased from 35.80% in 2004 to 68.75% in  
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2015. The detection rate of 2B increased from 12.16% in 2011 to 98.7% in 2015. Since 2011, 2B 

spread from east to west and was detected in 23 provinces. Genotype replacement occurred again after 

2008 outbreak. Also, multiple chains of transmission of genotype 1E existed. Therefore, continuous 

strong virological surveillance is very necessary in China.  

A joint project of China’s Ministry of Health and WHO on rubella and congenital rubella syndrome 

(CRS) surveillance was implemented from 2009 to 2014 in two provinces (Shandong and 

Heilongjiang) and four cities (Jinan and Yantai, Qiqihaer and Harbin). From 2009 to 2013, a total of 

1670 suspected CRS cases were reported from Shandong (n=1009) and Heilongjiang (n=661). Of 

these, five CRS cases were laboratory confirmed, 59 cases were clinically diagnosed, and two were 

identified as congenital rubella infection (CRI) cases. There were issues and problems with the CRS 

surveillance. There was difficulty in finding pregnant women with rubella infection and difficulty in 

following up the CRS cases and collecting specimens from the cases. Cooperation among multiple 

departments is necessary for rubella and CRS surveillance in China. 

China has made substantial and rapid progress towards the elimination of measles. China’s measles 

and rubella laboratory network has been performing very well and can support confirmation of cases 

and verification of measles elimination. However, the laboratory network still faces some challenges, 

including: heavy workload (serologic diagnosis and molecular detection); insufficient communication 

between EPI in China and laboratories in some provinces; timeliness of sample collection and 

transport of throat swab specimens; and need for continuous quality assurance for the molecular 

detection in provincial and prefectural levels. 

Hong Kong SAR (China) 

Measles vaccine was first introduced in 1967, rubella vaccine in 1978 for primary schoolchildren aged 

6 years old, and measles, mumps and rubella (MMR) vaccine in 1990. MMR vaccination coverage is 

over 95%. Measles became a notifiable disease in 1961, while CRS was voluntarily reportable in 

1978. Rubella and mumps became notifiable diseases in 1994, and CRS has been notifiable since 

2008. Laboratory testing involves IgM detection, direct molecular detection (real-time PCR), 

genotyping PCR/sequencing using clinical specimens from positive cases, and virus isolation on PCR-

positive specimens.  

In Hong Kong SAR (China), an increase in the number of measles cases was recorded in 2014, with a 

total of 50 cases as compared with 38 cases in 2013. In 2015, 18 measles cases were recorded. Recent 

increases in measles cases have also been observed in neighbouring areas such as Mainland China, the 

Philippines and Viet Nam, as well as other parts of the world including the Americas and Europe. The 

number of measles cases investigated increased from 352 in 2011 to 505 in 2015; correspondingly, 

the number of samples tested also increased from the same period. However, measles IgM-positive 

cases decreased from 40 positive cases in 2014 to 11 positive cases in 2015. Measles genotyping 

results in 2014 and 2015 showed B3, D8, D9, H1 and A (vaccine strain). There was a decrease in the 

number of rubella cases investigated in 2010 (955 cases) and 2015 (485 cases).  Between 2011 and 

2015, the percentage of rubella IgM-positive cases decreased from 3.3% to 1.0%. Rubella genotyping 

results showed genotypes 1E and 2B in 2014 and 2015. Among the 18 measles cases recorded in 

2015, seven (39%) were infants under 1 year old without vaccination, two (11%) were children below 

5 years of age with one dose of MCV, one (6%) was an adult case with two doses of MCV, and eight  
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(44%) were adult cases (aged 20 or above), mostly with unknown vaccination status. 

In the 2015 report of the Regional Verification Commission for Measles Elimination in the Western 

Pacific, it was concluded that Hong Kong SAR (China) may have already achieved interruption of 

endemic measles virus transmission and would welcome a detailed report along the five lines of 

evidence once the National Verification Commission (NVC) has determined that the evidence 

supports the elimination criteria. The laboratory also conducted measles seroprevalence from 2001 to 

2013, and the results showed high population immunity. Measles and rubella genotyping PCR are 

performed on samples referred from the national measles and rubella network laboratories and are 

based on CDC primers. Nested PCR is being performed on serum samples. During 2014 and 2015, the 

laboratory was able to perform measles genotyping on 292 samples from six countries (Lao People’s 

Democratic Republic, Mongolia, Papua New Guinea, Philippines, Singapore and Viet Nam). The 

measles genotyping results showed 163 (56%) samples with B3, D8, D9, G3, H1 genotypes identified. 

Of the 97 samples genotyped for rubella, 21 (21.6%) samples yielded two genotypes: 2B and 1J.  

Japan 

In 2007, there was a massive measles outbreak in Japan and catch-up immunization was conducted. 

Largely owing to the catch-up immunization conducted in 2008–2012, measles incidence decreased 

steadily. Since October 2013, however, measles incidence has been increasing in various locations in 

Japan. In 2014, the total number of patients notified from week 1 to week 12 was the highest number 

of reported cases for the same corresponding period during the past 6 years. Owing to prompt 

measures including vaccinations, large-scale measles outbreaks have been avoided so far. Japan has 

been verified as having achieved measles elimination by the Regional Verification Commission in 

March 2015. No rubella endemic has been observed since 2013. 

Measles laboratory diagnosis is performed in private laboratories (IgM ELISA) and in public health 

centres such as the Prefectural Institute of Public Health for PCR and Sequencing. The 

measles/rubella laboratory network in Japan comprises 73 prefectural institutes, 10 measles and 

rubella reference centres and NIID. Of the 1042 samples tested for measles in 10 prefectural institutes, 

42 were positive. Forty positive samples were genotyped and showed D8 (n=11), D9 (n=4), B3 (n=4), 

H1 (n=5) and A (vaccine strain) (n=16). Of the 978 samples also tested for rubella, 26 were positive. 

Of the 18 positive samples genotyped, 10 were 2B, four were 1E and four were 1a genotypes. Among 

1042 measles samples tested, 68% of samples were tested by real-time PCR and 32% were tested by 

conventional PCR. Of the 978 rubella samples tested, 36% of samples were tested by real-time PCR, 

and 64% of samples were tested by conventional PCR. Measles virus genotypes D8, D9, B3 H1 and A 

and rubella virus genotypes 2B and 1E and 1a were detected in 2015. From 2012 to 2015, sources of 

importations from China, Kazakhstan, Indonesia, Malaysia, Mongolia, New Zealand, Pakistan, the 

Philippines, Qatar, Singapore, Taiwan (China), Thailand, United Kingdom/France, United States of 

America and Viet Nam were noted. 

NIID organized a pilot EQA for molecular diagnostics for 22 participating institutes. Of those, 21 

passed the EQA with a score above 80%.  
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Malaysia 

Malaysia was unable to achieve the 2012 elimination target because of the tremendous increase in 

measles incidence from 2011; hence, the country plans to extend the target to 2018. There were four 

measles-related deaths in 2011, one death in 2014, and two deaths in 2015. The first dose of MMR 

vaccine will be given to children aged 9 months old starting in January 2016. Upon initiation of the 

vaccination programme in Malaysia, the incidence of measles and rubella decreased, most 

significantly during 1987–2010. Most of the measles cases were among children under 7 years old 

during 2012–2015. In 2014, 32.6% were imported measles cases. The rubella IgM positivity rate 

decreased from 15.4% in 2012 to 1.38% in 2015. A quality assurance programme is being 

implemented by the National Public Health Laboratory (NPHL). 

The laboratory also performs virus isolation and molecular tests. The measles virus isolation rate in 

2011 was 6% and decreased to 0.5% in 2014; however, an increase to 5.3% was noted in 2015. The 

rubella virus isolation rate decreased from 9% in 2011 to 0.4% in 2015. Measles genotyping data 

since 2010 suggest D9 is endemic in Malaysia. In 2010, B3 and G3 were isolated. In 2011, D8 was 

isolated and persisted until 2015. In 2014, H1 was detected in Turkish refugees from China. Rubella 

genotyping data from 2011 showed 2B is endemic in Malaysia. Genotype 1E was detected during the 

period 2012–2014.  

Malaysia appointed Kota Kinabalu Public Health Laboratory (KKPHL) as a measles/rubella 

subnational laboratory in May 2011 to conduct serology testing for measles and rubella IgM for East 

Malaysia. The NPHL monitors the quality of KKPHL to ensure it adheres to the requirements of 

WHO. 

Case-based reporting through an online system, Sistem Maklumat Siasatan Measles  

(e-measles or SM2), has been implemented. This online system enables clinicians and staff at district 

health offices to notify any suspected case of measles within 48 hours. Specimens must be submitted 

along with a completed form that can be downloaded online. Results can also be checked by the 

district health office online. Subsequently, all suspected cases will be confirmed by the NPHL using 

ELISA method, virus isolation or PCR. Major achievements were made in heightening awareness 

among clinicians and health officials in Malaysia regarding measles elimination, resulting in a higher 

number of cases being reported or notified. Reducing the number of underreported cases is a major 

step towards achieving the main objective of elimination programme. Furthermore, the increasing 

number of isolates and genotypes deposited into the MeaNS database is a positive sign that NPHL has 

strengthened its laboratory-based surveillance capacity. Some challenges encountered were 

inadequate collection of samples from all suspected measles cases, unsuccessful attempts to obtain 

second samples for equivocal cases, collection of samples for virus isolation and transport condition.  

Mongolia 

From 2010 to 2014, there was no confirmed case of measles. However, a measles outbreak occurred 

in 2015, and based on the currently available data, there is a likelihood that the outbreak started before 

March 2015. Of the 21 793 suspected measles cases, 2386 were laboratory confirmed, 14 315 were 

clinically confirmed and 5094 were epidemiologically linked. It is unknown where the outbreak 

started, but the first registered case was reported from Chingeltei District of Ulaanbaatar City. Almost  
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half of the reported cases were aged 15–24 years of age. Laboratory results showed that the measles 

virus genotype identified from the first registered case was similar to the measles virus circulating in 

China.  

From January to December 2015, 4759 samples were processed in the laboratory. Samples for 

confirmatory testing and genotyping were sent to the RRL in Hong Kong SAR (China) with 100% 

concordance rate. It was observed that the number of rubella-positive cases was higher in 2012, with 

41.9% positivity rate. Between 2010 and 2011, the rubella genotype obtained was 1E. The laboratory 

also performed mumps genotyping and the genotypes detected from 2009 to 2014 were H3 and F. The 

laboratory also participated in the WHO EQA programme, and the scores obtained from confirmatory 

and proficiency tests were 100% for both measles and rubella. 

It was concluded that the cause of the outbreak was large accumulation of measles-susceptible 

persons occurring over a long period of time with low incidence, as there was very low transmission 

of measles virus in the country in 2003–2014. Coverage analysis suggests that the real vaccination 

coverage of routine MCV1 and MCV2 has been lower than the officially reported coverage. Previous 

SIAs did not close the immunization gap in targeted populations. Large susceptible populations 

remained in young adult birth cohorts, particularly during the time of health system transitioning, i.e. 

1990 to 1996.  

New Zealand 

The National Measles and Rubella Laboratory performs molecular tests for measles and rubella using 

the CDC protocol, both using the SuperScript® III One-Step RT-PCR System. The E1 coding region 

is the target for rubella, and the nucleoprotein is the target for measles. Positive measles are then 

genotyped and isolated in Vero/hSLAM cells. Genotyping of measles and rubella is being performed 

using Qiagen RT-PCR amplification. The 456 nucleotides at the end of the N gene are sequenced for 

measles. Meanwhile, 739 nucleotides of the E1 gene are sequenced for rubella, and these are derived 

from two fragments. Samples tested are usually nasopharyngeal swabs, but sometimes, throat or oral 

swabs, urine, white blood cells or serum are also received. Serologic testing is done on serum using 

Siemens Enzygnost ELISA kits for measles and rubella IgM and an additional Biomérieux mini 

VIDAS kit for rubella IgM testing. Euroimmun ELISA kits are used for measles and rubella IgG 

testing. When measles IgM serologic testing shows an IgM-negative or equivocal result, the sample is 

tested for measles IgG. If the sample is measles IgG positive, no further action is required since the 

patient is immune. If the sample is measles IgG negative, it will be reported as negative and an 

additional comment regarding the time of sample collection will be noted.  

Currently, MMR vaccine in two doses is being used in New Zealand. The first dose is given to 

children at 15 months and the second dose at 4 years old. In 2015, the national vaccine coverage 

among 18-month-old children was only 85.7%. Catch-up immunization among 24-month-olds was 

done with 92.8% vaccine coverage; however, coverage for 5-year-olds who are supposed to have their 

second dose of MMR was noted to be 82.8%.  

Between 2013 and 2015, there were 520 samples tested for measles IgM, and 60 (11.5%) were 

positive and 11 (2.1%) were equivocal. A total of 302 samples were tested for rubella IgM, and 8 

(2.65%) were positive and 3 (1%) were equivocal. In 2014 and 2015, 90 measles virus and two  
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rubella virus were genotyped.  For 2016, there were three D8 (measles virus) and one 2B (rubella 

virus) genotypes identified from Auckland. In 2013, the total population of New Zealand was 4.71 

million; measles incidence was 2.6 per 100 000, and rubella incidence was 0.9 per 100 000. In 2014, 

measles incidence climbed to 6.2 per 100 000, while rubella incidence dropped to 0.1. In 2015, 

however, there were only 15 measles notifications, with an incidence rate of 0.3 per 100 000. In 2009, 

genotype H1was detected in Southland and genotype D4 was identified in Canterbury. In 2011, there 

was an outbreak in New Zealand with 526 confirmed cases and 16 hospitalizations. The cases were 

D9 and D4 and spread across Wellington, Auckland, Hawkes Bay and Christchurch. In 2014, 234 

cases of B3 measles were confirmed in the upper North Island. Since then, a small number of 

imported cases have been detected. A current case being tracked in New Zealand involves two 

people who contracted measles while sitting near an infected passenger on a China Southern Airlines 

flight, which arrived in Auckland on 30 January 2016. One of those infected ignored quarantine 

requirements and potentially put hundreds of people at risk. Furthermore, the carrier ignored medical 

instructions and visited an Auckland casino in an apartment building. As of February 2016, the 

regional public health service has confirmed 51 people have been forced into home quarantine. Three 

more confirmed cases were being genotyped.   

The National Measles and Rubella Laboratory implements quality assurance programmes. For 

data reporting, EpiSurv surveillance data from all laboratories are forwarded from the Ministry of 

Health to the National Measles and Rubella Laboratory. Reporting and sending samples is voluntary. 

Genotype results are uploaded to MeaNS and RubeNS. Monthly reporting to WHO is being done. 

One of the problems faced by the laboratory is that samples are not always sent for both serology and 

RT-PCR. Also, low-level positive RT-PCR results usually with a history of recent vaccination can be 

difficult to distinguish from clinical disease. However, using the nested primer sets Mev210 and 

Mev217 as the second-round primers, the process worked very well, producing good bands on the gel 

and a reliable genotyping result. Positive results are reported from other laboratories, but samples are 

not sent to National Measles and Rubella Laboratory. Often, only the nucleic acid extract is sent for 

genotyping. 

The Philippines 

The Expanded Programme on Immunization (EPI) of the Department of Health was established in 

1976 to ensure that infants/children and mothers have access to routinely recommended 

infant/childhood vaccines. Four rounds of mass measles campaign were conducted in 1998, 2004, 

2007, 2011 and 2015. The EPI introduced the two-dose MCV schedule in 2009; MCV1 (monovalent 

measles) was given at 9–11 months and MCV2 (MMR) at 12–15 months. 

The laboratory is performing parallel serological testing on samples for measles and rubella IgM to 

achieve four-day turnaround time and to increase detection of rubella cases. Virus isolation and PCR 

are also being done. Measles was a real battle in 2014, with a total of 41 187 samples referred for 

testing. This represented a seven-fold increase compared to 2013, when 6193 samples were received. 

During the 2014 measles outbreak, clinical samples (nasopharyngeal swabs/oropharyngeal swabs) for 

virus isolation also increased. Real-time RT-PCR was started in 2014 using the clinical samples in 

parallel with virus isolation. It was observed that real-time PCR is more sensitive than virus isolation. 

Genotyping was also performed on the virus isolates and PCR-positive samples. The predominant 

measles virus genotype was D9 during 2011–2012. During 2013–2015, of 133 cases with genotyping  
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results, 132 were B3 and one was D9. B3 is the predominant genotype in the Philippines from 2013.  

Data are reported regularly to the WHO Regional Office for the Western Pacific on a monthly basis 

(every 10th of the following month) and weekly to the Epidemiology Bureau (Philippines). Region-

specific data are also submitted to the Regional Epidemiology Surveillance Unit (RESU), as 

requested. Measles sequence data are submitted to MeaNS. A quality assurance programme is also 

implemented. Future plans include: 1) strengthening advocacy for specimen collection especially the 

submission of OPS/NPS for genotyping data; 2) drafting an administrative order for referral of 

specimens from non-network laboratories to the National Measles and Rubella Laboratory for quality 

assurance and to capture measles cases not reported to national laboratory; 3) expanding testing to 

IgG and for other exanthems (mumps, varicella, parvovirus); 4) reviving discussions on rubella-

congenital rubella syndrome surveillance with Department of Health; and 5) creating and 

disseminating a virology questionnaire online form to get an idea on the usage of different virology 

tests done in other Hospitals. 

Republic of Korea 

Attenuated measles vaccine currently in use was developed in 1963, and since 1965, measles 

incidence has significantly decreased. Prompted by a large measles outbreak in 2000, an MR  

catch-up campaign was started in 2001. In 2014, the Republic of Korea was verified to have achieved 

measles elimination. Vaccine coverage reached 97.8% in 2013. 

For better diagnosis, every specimen collected including blood, sputum, urine and oral fluid is tested, 

and the timing of collection is being considered. The laboratory uses the Siemens Enzygnost kit for 

antibody detection and Vero-SLAM cells for virus isolation. With WHO’s recommendation, measles-

negative sera are being tested against parvovirus B19. Differential diagnosis is performed by using 

commercial EIA kits. Between 2011 and 2015, a total of 601 measles cases were confirmed. The 

highest number of measles cases was observed in 2014 (n=442) and most of these cases were import-

related. Among 100 measles-positive samples by RT-PCR in 2014, genotypes B3, D8 and H1 were 

detected, and the predominant measles genotype was B3. The cases travelled to China, the 

Philippines, Singapore and Viet Nam. During 2013–2015, a total of 1296 samples were tested for 

rubella IgM, and 15 were rubella-confirmed cases. No rubella virus isolation was performed. In 2015, 

one case was RT-PCR positive and genotype 2B was identified. Data reporting is done every month to 

the WHO Regional Office for the Western Pacific. Sequence data are also reported to MeaNS with 

381 gene sequences reported during 2013–2015.  

A robust quality assurance programme is being implemented in the laboratory. For confirmatory 

testing, the accuracy of measles and rubella IgM detection was more than 90% for 2012–2014 

samples. From 2013 to 2015, proficiency test results were 100% for both measles and rubella. A total 

of 17 Provincial Health and Environmental Research Institutes (PHERIs) and five major private 

diagnostic centres are included in the national laboratory network. The Korea Center for Disease 

Control and Prevention (KCDC) designed an EQA for 10 PHERIs and five major private diagnostic 

centres in 2014. Seven PHERIs were excluded from the 2014 PT because they passed the 2013 PT. 

Due to heavy laboratory workload (MERS outbreak) in 2015, PT panels were not distributed to 

PHERIs or private diagnostic centres. However, EQA distribution will resume in 2016. Evaluation of 

the 2014 EQA results showed the 10 PHERIs and five private diagnostic centres had reported final  
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results within 35 days after distribution and all had 100% score. Plans and challenges include the need 

to strengthen provincial laboratory capacity for measles and rubella diagnosis and train new staff in 

the KCDC national measles and rubella laboratory, and to maintain measles elimination status and 

perform seroprevalence investigation for MMR. 

Singapore 

Measles immunization was made compulsory by law for children aged 12–24 months in August 1985. 

The monovalent vaccine was substituted with the trivalent MMR vaccine in January 1990. A sharp 

rise in the incidence of measles in 1997 led to the implementation of a catch-up immunization 

programme from July to November 1997, targeting all children aged 12 to18 years. Subsequently, a 

second MMR dose was introduced in January 1998 for all children aged 11 to 12 years. The timing of 

the second MMR dose was subsequently brought forward to be given to all children aged 6 to 7 years. 

With the implementation of the two-dose MMR schedule, the incidence of measles decreased and 

remained low for the next decade.  

In Singapore, notification of measles is compulsory under the Infectious Diseases Act. Both 

suspected/clinically diagnosed and laboratory-confirmed cases of measles are required to be notified 

to the Ministry of Health. In June 2012, the measles surveillance system was enhanced by following 

up suspected/clinically diagnosed cases to ensure that confirmatory laboratory tests for measles were 

conducted for such cases (i.e. using PCR or serology). Cases are investigated and discarded if they do 

not meet the clinical case definition of measles (fever and rash, and one or more of the following 

symptoms: cough, coryza, or conjunctivitis), or if laboratory results are negative for measles. As part 

of the enhanced measles surveillance framework, a higher proportion of measles cases with positive 

PCR results is followed up with genotypic analysis. This will lead to a better understanding of the 

measles genotypes circulating in Singapore and will also support tracing epidemiological linkages 

among cases especially in outbreaks. Between 2012 and 2015, there were 505 suspected measles 

cases reported, and a peak in the number of measles notifications due to the B3 genotype outbreak in 

the Philippines in 2014 was observed. Among 256 laboratory-confirmed cases, 76 were imported 

cases, two were import-related, none was endemic, 174 had unknown source and four were vaccine-

associated. National Public Health Laboratory (NPHL) in Singapore has not received any rubella-

positive samples since 2011. There has been a shift in the genotype distribution from the predominant 

circulating D9 genotype in 2010– 2011, to D4 genotype in 2012, G3/D9 genotypes in 2013 and B3 

genotype in 2014. B3 genotype was first detected in 2013, and a sharp surge was seen in 2014. This 

increase is probably due to the importation of cases from the Philippines, where one of the main 

circulating genotypes is B3. Endemic genotype D8 was also seen in 2015. Genotype A is a vaccine 

genotype not associated with documented endemic transmission in any country. Those with genotype 

A have had recent MMR vaccination. A rubella outbreak among male foreign workers, mainly from 

Bangladesh, India, Myanmar and Thailand, occurred on the island of Jurong in late 2009 (n=42 

cases). Rubella genotype 2B was detected. Quality control for molecular diagnostics for measles has 

been performed since 2014, and the laboratory got 100% score in 2014 and 2015. Measles and rubella 

IgG were also performed, and the results showed that both measles and rubella protective immunity 

reached 91%. Comparison of IgM testing results between NPHL and Singapore General Hospital 

showed very good concordance rate. 

The laboratory is faced with challenges mainly in serological testing. First, too few samples are  
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received due to low prevalence of measles and rubella; thus, the laboratory is unable to meet the 

WHO requirement to perform on at least 50 serological samples annually. Second, IgM in-house 

control availability is a challenge since there are very few IgM-positive samples and it is difficult to 

prepare in-house positive controls in batch. The laboratory plan to obtain WHO accreditation in 

February 2017 and will restructure measles and rubella surveillance work with the Ministry of Health 

Singapore to reconcile the data on MeaNS and WHO genotype database.  

Viet Nam (Hanoi) 

Viet Nam conducted the largest-ever nationwide measles campaigns in 2002 and 2003, targeting all 

children up to 10 years of age. These campaigns contributed to reducing the incidence of measles 

dramatically in Viet Nam, according to the Ministry of Health. Routine immunization coverage for 

MCV1 for children aged 9 months is 95%. Introduction of MCV2 into routine immunization started in 

2006, covering children 6 years of age until 2010. Since 2011, MCV2 has been given at 18 months of 

age with 86% coverage. Because of vaccine shortages in 2007, there was a decrease in immunization 

coverage for MCV1. Viet Nam launched a nationwide campaign to vaccinate children under 5 against 

measles following a 2009 outbreak that prompted a significant increase in measles incidence (9.1 per 

100 000 population). Following the campaign, incidence decreased to 3 per 100 000 population in 

2010 and 0.9 per 100 000 population in 2011. In 2014, another outbreak spread through cities and 

provinces, including major metropolises such as Hanoi and Ho Chi Minh City. This latest outbreak 

seems to have begun around May 2013. During the 2014 outbreak, 8533 suspected cases were 

reported in Northern Viet Nam, 4272 (50%) cases were diagnosed as measles and 25 (0.30%) cases 

were diagnosed as rubella. Most of the measles cases were children under 5 years of age.  

The National Measles and Rubella Laboratory tested 4636 samples from this outbreak,, and 2644 

(57%) were measles IgM positive, 200 (4.0%) were measles IgM equivocal and 1792 (38%) were 

measles IgM negative For rubella IgM testing, only 37 (1.8%) were positive out of 2048 samples 

tested in the same period. Samples from two subnational and provincial laboratories were received for 

confirmatory testing in 2014 and 2015. The results showed concordance rate of 90% in 2014, and 

98.8% in 2015. Data on CRS surveillance from 2012 to 2015 were discussed. The laboratory tested 72 

rubella IgM-positive samples from CRS surveillance in 2012, and no rubella-positive case was 

detected from 2013 to 2015. During 2013–2015, virus isolation was performed using throat swabs, 

and genotyping was done on measles virus isolates. Genotyping results showed genotypes H1 and D8 

were responsible for the outbreak.  

Quality assurance measures include the use of in-house control, participation in WHO PT (serology 

and molecular) and confirmatory testing by RRL. The laboratory has been receiving and using 

Siemens measles and rubella kits from WHO since 2009. The laboratory was accredited for measles 

and rubella ELISA tests according to ISO 15189:2012 standards. 

Viet Nam (Ho Chi Minh) 

The national measles vaccination programme started in 1981 for children from 9 to 11 months old, 

with a second dose at the age of 6 years old. However, the schedule of the second dose of vaccination 

was modified in 2010 to be administered to children at 18 months of age. In 2014, a measles 

supplementary immunization campaign was conducted to vaccinate children aged 9 months through 

10 years old in an effort to eliminate measles across the country.  
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The laboratory performs virus isolation and identification of measles and rubella viruses from 20 

provinces. The laboratory has also participated in the new surveillance for CRS since 2011. The 

laboratory has also the capacity to perform RT-PCR and sequencing. In 2014, an outbreak has 

occurred in Ho Chi Minh City with a total number of 11 319 samples tested for measles IgM. Among 

the number of samples tested, 8742 (77.2%) were positive and 252 (2%) were equivocal. In 2015, an 

increase in rubella incidence was noted with 662 (50.2%) rubella IgM-positive cases compared to 

2014 with 85 (3.1%) rubella IgM-positive cases. It was noted the measles peak months were from 

March to June in 2013 and 2014. Between 2013 and 2015, rubella IgM-positive cases were seen 

throughout the year; however, there was a surge of rubella IgM-positive cases in November 2015. 

Timeliness of reporting (less than seven days) was only 34.4% during the outbreak in 2014; however, 

timeliness of reporting in 2015 was 99%. CRS data from Children’s Hospital No.2 from 2013 to 2015 

showed a decline in rubella cases each year from 2.6% to 0.7%, respectively. No confirmed CRS case 

was reported in Children’s Hospital No. 1 in 2013 and 2014; however, four positive cases (2.6%) 

were reported in 2015. There were 20 measles virus isolates sequenced in 2013 and 2014, but none in 

2015. Genotyping results showed that the circulating measles virus strain was genotype D8 in 2013 

and genotypes D8 and H1 during the 2014 outbreak. Eight rubella virus isolates were sequenced in 

2015, and the results indicated genotype 2B. 

A robust quality assurance programme is being implemented in the laboratory. However, challenges 

still remain. For example, there is a need to train the provinces on specimen collection including 

throat swabs since receiving throat swab samples is rare. The laboratory plans to perform real-time 

PCR for measles and rubella diagnosis. 

2.3 Practical sessions 

The hands-on training session was conducted in the laboratory of the Virology Division, PHLC, 

Centre for Health Protection, Hong Kong SAR (China). Participants worked in six groups, and 

different rooms were used for different steps: 

(1) Group A: Australia, New Zealand 

(2) Group B: China, Macao 

(3) Group C: Malaysia, Mongolia 

(4) Group D: Philippines, Lao People’s Democratic Republic 

(5) Group E: Singapore, Republic of Korea 

(6) Group F: Viet Nam 

The first day of practical sessions on 29 February 2016 included sessions 1 on RNA extraction from 

FTA cards containing cell lysates for measles and rubella, and session 2 on setting up real-time RT-

PCR for measles. 

The second day of practical sessions included session 3 on setting up real-time PCR for rubella and 

introduction to ABI 7500, and session 4 on setting up genotyping RT-PCR for measles and rubella, 

which ran through the night. 

The third day of practical sessions included session 5 on analysis of genotyping RT-PCR by agarose 

gel electrophoresis followed by session 6 on clean-up PCR products and template gel. Sessions 7 and 
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8 were on setting up sequencing reactions for measles and rubella and clean-up sequencing reactions, 

respectively. Session 9 was on preparing samples for loading to sequencer (ABI 3730).  

On the fourth day of practical sessions, the participants repeated real-time or genotyping PCR for 

either measles or rubella to test additional samples provided by the laboratories. The sequence 

phylogenetic analysis using Molecular Evolutionary Genetics Analysis (MEGA) 6 software was 

introduced to include tools for measles and rubella sequence alignments, and match the sequence to 

named lineage in MeaNS. The participants were asked practise with chromatogram files. 

The fifth day of practical sessions included practice with chromatogram files. The participants were 

asked to analyse data from real-time or genotyping PCR from the fourth day experiment. The practice 

samples for molecular PT for measles and rubella were distributed to the participants. 

3.  CONCLUSIONS 

3.1  General 

During the five days of intensive hands-on practical sessions, lectures and group work, the main 

objectives of the workshop were fully achieved. At the end of the workshop, the knowledge and skills 

of the participants had improved. They were able to understand, explore and perform molecular 

detection of measles and rubella viruses using the new real-time PCR and sequencing and sequence 

data analysis of measles and rubella. The participants were further familiarized with laboratory quality 

assurance of molecular detection of measles and rubella virus. 

3.2  Workshop evaluation 

The participants’ feedback confirmed that the workshop met its objectives. Administrative 

arrangements by PHLC were excellent. All participants were allocated a locker during the workshop, 

and clear directions to the venue for each session were discussed. 

The training ran smoothly throughout the practical and lecture sessions due to the full support from 

PHLC staff. The participants efficiently completed all the practical sessions and understood issues 

addressed during the training. The training schedule provided adequate time in performing practical 

procedures at a reasonable pace and sharing of information among the participants. The duration of 

each presentation also allowed ample time for further discussion on theoretical and technical issues. 

Participants were encouraged to contact and collaborate with each other, the facilitators and the WHO 

Regional Office for the Western Pacific.  

3.3  Outcomes of training 

All participants were familiarized with the molecular detection of measles and rubella viruses by RT-

PCR, enhanced sequencing capacity and laboratory quality assurance of measles and rubella 

molecular diagnosis. They were also informed of the requirements for reporting genotype and 

sequence data to WHO, MeaNS and RubeNS. The WHO Regional Laboratory Coordinator will 



 

 

26 

 

follow up on quality assurance including reporting of molecular PT results, genotype data 

management and reporting, and strengthening molecular detection capacities in each network 

laboratory. An assessment of the participants’ knowledge of the measles/rubella diagnosis was carried 

out by pre- and post- quiz. A comparison of the pre- and post-quiz results showed the knowledge of 

the participants had improved.  

3.4 Follow-up to the workshop 

At the end of the workshop, the WHO practice molecular measles and rubella PT panels were 

distributed to participants. Participants were requested to complete PT and report results within two 

months to US CDC and the WHO Regional Laboratory Coordinator using standardized reporting 

format. Most of the participants provided the PT results within the agreed time. US CDC provided 

comprehensive feedback to the countries on their molecular PT results. 
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