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Abstract


Measles is the most contagious communicable disease, causing an estimated 5.5 million cases and more than 30,000 deaths in the Western Pacific Region (WPR) during 2000. Rubella infection in a pregnant woman can be devastating for the foetus, resulting in congenital rubella syndrome (CRS) in 90% of rubella infections in early pregnancy. It was estimated that approximately 9000 CRS cases occurred in the WPR in 2010. World Health Organization (WHO) Member States in the WPR decided in 2003 to eliminate measles and in 2014 to eliminate rubella from the region. While the WPR successfully attained historically low measles incidence in 2012, it experienced a region-wide measles resurgence in 2013–2016. During the regional resurgence, WHO and Member States accumulated greater knowledge on the epidemiology of measles and rubella in the WPR and strategies to maintain gains. The implementation of the resulting new regional strategy and plan of action from 2018 has proven that measles and rubella elimination is achievable and sustainable under the pressure of multiple importations of measles virus during the world-wide measles resurgences in 2018–2019. This article discusses this progress and achievements towards achieving the global eradication of measles and rubella.
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1. Background


Measles is a highly contagious and serious disease caused by the measles virus. It was estimated that 5.5 million measles cases and 31,200 to 34,000 deaths occurred in 2000 in the Western Pacific Region (WPR) [1,2]. While rubella is usually a mild viral disease in children, infection in a pregnant woman can be devastating for the foetus. Congenital rubella syndrome (CRS) occurs in 90% of maternal rubella infections in early pregnancy. The estimated CRS incidence was 11,541 cases in 1996, 11,084 in 2000 and 8889 in 2010 in the Western Pacific Region [3].



In 2003, the World Health Organization (WHO) Regional Committee (RC) for the Western Pacific confirmed that measles elimination should be a regional goal, endorsed the Western Pacific Regional Plan of Action for Measles Elimination and urged Member States to offer all children two doses of measles-containing vaccine (MCV) to achieve and maintain a 95% population immunity of each birth cohort in every district and use measles elimination to strengthen routine immunization and other public health programmes, such as the prevention of CRS (WPR/RC54.R3) [4]. In 2005, the RC decided that the WPR should aim to eliminate measles by 2012 and urged Member States to develop or strengthen national plans for measles elimination as part of comprehensive multi-year plans for immunization services (WPR/RC56.R8) [5].



In 2010, the RC reaffirmed the 2012 measles elimination goal, requested WHO to establish regional verification mechanisms for measles elimination and urged Member States to commit the human and financial resources necessary to achieve and sustain measles elimination, accelerate the control of rubella and the prevention of CRS and establish an independent verification process for measles elimination (WPR/RC61.R7) [6].



Countries and areas in the WPR have progressively strengthened their national immunization programmes and significantly reduced measles transmission, morbidity and mortality. In 2012, the region recorded the lowest number of measles cases in its history—10,794 cases, or 5.9 cases per 1 million population, compared with 177,052 cases, or 105.1 cases per 1 million population, in 2000 (Figure 1).



In 2012, the RC reaffirmed its commitment to eliminate measles and accelerate rubella control in the WPR, and urged Member States to implement effective immunization strategies to identify and reach all vulnerable underserved communities in both rural and urban settings, interrupt all residual endemic measles virus transmission as rapidly as possible and establish national verification committees (NVCs) to develop regular progress reports for submission to the Regional Verification Commission for Measles Elimination in the Western Pacific (RVC) (WPR/RC63.R5) [8]. In 2014, the RC endorsed a regional rubella elimination goal as one of eight regional immunization goals in the Regional Framework for Implementation of the Global Vaccine Action Plan in the Western Pacific (WPR/RC65.R5) [9].




2. Regional Measles Resurgence in the Western Pacific 2013–2016


After the low number of measles cases in 2012, the Western Pacific experienced a region-wide measles resurgence from 2013 to 2016. The regional measles incidence rate per 1 million population increased from 5.9 in 2012 to 19.4 in 2013, 69.2 in 2014, 36.2 in 2015 and 30.2 in 2016 (Figure 1).



2.1. Resurgence of Measles Virus Transmission in Endemic Countries


There were large national resurgences of measles virus transmission in endemic countries. In China, the ongoing transmission of the genotype H1 measles virus, which has been the only endemic genotype detected in China since surveillance began in 1993 [10], significantly decreased as a result of multiple province-wide measles supplementary immunization activities (SIAs) between 2003 and 2009 and a nation-wide measles SIA in 2010, resulting in the lowest measles incidence ever reported in China in 2012. However, transmission then increased and there was a nation-wide measles resurgence in China which lasted until 2016 [11]. In the Philippines, the measles genotype D9 was endemic and caused two large outbreaks in 2010 and 2011, but the genotype B3 virus became endemic in early 2013 [12,13]. A nation-wide measles rubella-containing vaccine SIA (MRCV-SIA) rolled out in September 2014 had sub-optimal coverage with measles virus transmission continuing, particularly in the middle and southern parts of the Philippines (Visayas and Mindanao) [14], and the nation-wide measles resurgence lasted until 2015. Malaysia, where the genotype D8 measles virus has continued to be detected since 2013 and the genotype D9 virus was identified in 2015–2017, experienced increased measles virus transmission between 2015 and 2018.




2.2. Importation of Measles Virus from Countries with Increased Endemic Transmission or Import-Related Large-Scale Outbreaks


The multiple importations of the measles virus from countries with resurgences of endemic transmission or import-related large-scale outbreaks led to multiple small-scale outbreaks between 2013 and 2015 in Australia, Hong Kong SAR (China), Japan, the Republic of Korea, Singapore and Vanuatu [15,16,17].




2.3. Nation-Wide Measles Outbreaks after Importation


Several countries experienced large-scale outbreaks following importation after a period of low or no documented transmission: New Zealand (genotype B3 virus in 2013–2014), Viet Nam (genotype H1, B3 and D8 viruses in 2013–2014), Papua New Guinea (genotype D8 virus imported from Indonesia in 2013 and genotype B3 virus in 2014) [18], the Federated States of Micronesia (genotype B3 virus in 2014), Solomon Islands (genotype B3 virus imported from Papua New Guinea in 2014) [19], Lao PDR (genotype H1 virus in 2014) and Mongolia (genotype H1 virus in 2015–2016) [20]. These importations resulted in large-scale measles outbreaks in 2013–2016, revealing important population immunity gaps [20].




2.4. Re-Established Measles Virus Transmission after Elimination


In Mongolia, which was verified by the RVC in March 2014 to have achieved and sustained the interruption of endemic measles virus transmission for more than three years, a prolonged nation-wide measles outbreak began in March 2015 due to the imported genotype H1 virus [20], leading to classification by the RVC as having re-established endemic transmission as of September 2017 [21].




2.5. Response to the Regional Resurgence


In response to the regional resurgence, the Technical Advisory Group (TAG) for Immunization and Vaccine-Preventable Diseases in the Western Pacific Region recommended WHO develop a new strategy and plan of action for measles elimination in the WPR [22], which was submitted to and endorsed by the RC in 2017 as the Regional Strategy and Plan of Action for Measles and Rubella Elimination in the Western Pacific (WPR/RC68.R1) [23].



The Regional Strategy and Plan of Action proposed Operational Targets for 2020 as milestones to attain the regional goal, which was not only to achieve but also sustain the elimination of measles and rubella in all countries and areas of the WPR. The targets included: (i) sustain the interruption of measles virus transmission in countries and areas that have reached measles elimination; (ii) prevent the resurgence of endemic measles virus transmission (genotypes B3, D8, D9 and H1); (iii) interrupt all ongoing measles transmission in endemic countries; and (iv) prevent large-scale outbreaks after importation for measles elimination; (v) set a national target year for rubella elimination in all countries; and (vi) establish CRS surveillance in all countries for rubella elimination [24].





3. Progress in Achieving and Sustaining Measles and Rubella Elimination in the Western Pacific Region after the 2013–2016 Regional Resurgence


3.1. Elimination of Measles and Rubella Verified by RVC from 2014 to 2023


The Regional Verification Commission (RVC) was established in January 2012. In line with the resolution WPR/RC63.R5 in 2012, all 14 countries and 2 areas in the Western Pacific Region established National Verification Committees (NVCs) and the Pacific Island countries and areas (PICs), consisting of 21 countries and areas in the Pacific (which are considered one epidemiological block for the purpose of the verification of measles and rubella elimination), established a Sub-Regional Verification Committee (SRVC). NVCs and SRVC started the submission of annual progress reports towards measles and rubella elimination in the second half of 2013 and an annual meeting of the RVC has occurred since May 2014 to monitor progress towards elimination attainment.



The verification of measles and rubella elimination in the WPR requires the documentation of the interruption of endemic measles and rubella virus transmission for a period of at least 36 months from the last known endemic case [25]. From 2014 to 2023, eight countries and two areas in the region were verified to have achieved measles elimination and, among them, six countries and two areas were verified in 2023 to have sustained measles elimination. Since 2017, a total of five countries and two areas in the region were verified to have achieved and sustained rubella elimination (Figure 2).



Scheme 1 shows the status of measles and rubella elimination in countries, areas and the Pacific sub-region from 2014 to 2023 by (i) the status of measles elimination in 2023; (ii) sustainability of measles elimination; and (iii) the size of total population.




3.2. Measles Incidence


While Singapore, New Zealand, Macao SAR (China), Cambodia, Lao PDR, Samoa, Tonga and American Samoa experienced significant increases in measles incidence during the global measles resurgence in 2018 to 2019 [26,27,28], all six countries and two areas that had been verified by RVC to have achieved measles elimination, China, Papua New Guinea, Lao PDR and the Pacific sub-region have continued to achieve decrease in measles incidence (i.e., confirmed measles cases per million population) since 2019 and many of them have maintained a measles incidence of <1 per million population from 2021 to 2023 (Scheme 2).
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Scheme 2. Confirmed cases and incidence of measles in the Western Pacific Region by country, 2012–2023. Source: [29,30]. 
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3.3. Routine Immunization Programmes and Supplementary Immunization Activities (SIA)


All countries and areas which were verified by the RVC to have achieved and sustained measles elimination maintained >90% annual coverage of measles and rubella containing vaccine first dose (MRCV-1) from 2013 to 2022, and most countries maintained a >90% coverage of MRCV-2 from 2013 to 2022 (except Macao SAR (China) in 2013 (89.2%), New Zealand from 2013 to 2022 (82.3–90.7%) and Singapore in 2016 (87.9%) and 2018 (84.0%)) (Scheme 3). Of these countries, only New Zealand experienced notable declines in MRCV-2 coverage during the COVID-19 pandemic in 2021–2022.



Among countries which have not yet been verified to have achieved measles elimination, China and Malaysia sustained > 90% annual coverage with both MRCV-1 and MRCV-2 in each year from 2013 to 2022 (except MRCV-2 coverage in 2019 (87.0%) and 2020 (84.0%) in Malaysia). Viet Nam, which reported a >90% coverage of both MRCV-1 and MRCV-2 in each year from 2014 to 2020, experienced a marked decline in coverage with both MRCV-1 and MRCV-2 during the COVID-19 pandemic response in 2021 and 2022. The routine coverage of both MRCV-1 and MRCV-2 never reached 80% in the Philippines and Papua New Guinea from 2013 to 2022, and the Philippines had decreasing coverage for both MRCV-1 and MRCV-2 during the COVID-19 pandemic in 2021 and 2022.
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Scheme 3. Coverage of MRCV-1 and MRCV-2 (routine immunization with 1st and 2nd doses of measles- and rubella-containing vaccines) in the Western Pacific Region by country, 2012–2022. Source: [31]. 






Scheme 3. Coverage of MRCV-1 and MRCV-2 (routine immunization with 1st and 2nd doses of measles- and rubella-containing vaccines) in the Western Pacific Region by country, 2012–2022. Source: [31].
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Japan, the Republic of Korea, Australia, Hong Kong SAR (China), Singapore, New Zealand, Macao SAR (China) and Brunei Darussalam were verified by the RVC to have achieved and then verified to have sustained measles elimination without an implementation of nation-wide MCV-SIAs between 2013 and 2023.



Mongolia conducted a nation-wide MCV-SIA, targeting children aged 6 months to 6 years, in May and June 2015, and another nation-wide MCV-SIA, targeting young adults aged 18 to 30 years, in May 2016, in response to the largest measles outbreak since the introduction of MCV into the national immunization programme in 1973 (Scheme 4) [32]. This import-related outbreak in Mongolia predominantly affected young people aged 15 to 29 years followed by children aged 0 to 8 months (accounting for 59% and 12% of cases, respectively). Cambodia conducted a nation-wide MR-SIA targeting children aged 6 to 59 months in 2017 in response to an import-related measles outbreak in 2016.



The Philippines carried out nation-wide MR-SIAs targeting children aged 6 to 59 months in 2014 and 2020. Both SIAs followed periods of major resurgence in endemic transmission in 2013–2014 and 2018–2019. Fiji, Samoa and Tonga carried out nation-wide MR-SIAs targeting adults as well as children and adolescents during the latter periods of large-scale import-related measles outbreaks in 2019 in response to the global measles resurgence and importations from New Zealand.



While most MRCV-SIAs carried out in the WPR attained high vaccination coverage (>90%), their impact could have been substantially greater if they had targeted the specific groups with large immunity gaps and if they had been implemented before or very soon after the detection of resurgences or import-related outbreaks.




3.4. Surveillance


Several countries or areas verified by the RVC as having achieved measles elimination (e.g., Macao SAR (China), Brunei Darussalam, Cambodia and Mongolia) and some countries which have not yet achieved measles elimination (e.g., China, Malaysia, Lao PDR and the Pacific sub-region) have maintained highly sensitive measles and rubella surveillance measured by “discarded non-measles rate per 100,000 population” from 2013 to 2023 (Scheme 5).



The Republic of Korea, Hong Kong SAR (China), Macao SAR (China), Brunei Darussalam, Cambodia and Mongolia (countries or areas verified by RVC to have achieved measles elimination) and China, Malaysia, Papua New Guinea and the Pacific sub-region (countries or sub-region which have not yet achieved measles elimination) have improved or sustained high case investigation performance, measured by “suspected cases with adequate investigation” (>80%), and sample collection, as reflected by “suspected cases with adequate specimens for laboratory confirmation” (>80%), from 2018 to 2023.




3.5. Genotypes of Measles Virus Detected in the Western Pacific Region


Genotype D9, which was considered endemic in Malaysia until the end of 2017 and detected frequently as imported by Japan, Australia, Hong Kong SAR (China) and China from 2013 to the middle of 2015 and by Singapore from 2013 to late 2017, has not been detected and reported in the region since January 2018 (Scheme 6).



Genotype H1 has been the only endemic genotype detected in China since surveillance began in 1993 and was widely distributed throughout China from 1993 to 2010 [10,11]. It became endemic in Viet Nam in 2013–2015 and in Mongolia from 2015 to 2016 due to importation and was detected frequently as imported in Japan, the Republic of Korea, Australia, Hong Kong SAR (China), Macao SAR (China) and Lao PDR between 2013 and 2016. It has not been detected or reported in the WPR and globally since September 2019. Globally, the number of measles cases of genotype H1 declined from 2625 in 2016 to 333 in 2018 (87% decline), 28 in 2019 (99% decline) and 0 from 2020 onwards.



Genotype B3, which has been endemic in the Philippines since 2013 [14], continued to be detected as imported in all countries and areas of the region verified to have achieved measles elimination, except Mongolia, from 2013 to early 2020, particularly during the resurgences in the Philippines in 2013 to 2014 and in 2017 to 2019. Genotype B3 continued to be reported by Malaysia from 2022 to 2023 and was detected as imported in Australia, Singapore, New Zealand and China in 2023.



Genotype D8, which was considered endemic in Malaysia since 2015 and in Viet Nam in 2017–2020, continued to be detected as imported in all countries and areas of the region verified to have achieved measles elimination, except Mongolia, from 2013 to early 2020. Genotype D8 continued to be reported by Malaysia from 2022 to 2023 and as imported in several countries and areas of the region which were verified to have achieved measles elimination during this same period.



Since 2000, ten different measles virus genotypes have been detected in the WPR (B3, D3, D4, D5, D8, D9, D11, G3, H1 and H2). Currently only two genotypes, B3 and D8, continue to be detected and, although none of the remaining eight genotypes have been detected in the last four years, it is interesting to note that D5 “disappeared” in 2008 from China and Japan only to re-appear briefly in China in 2015, which has implications for when to consider a genotype as being finally eliminated.




3.6. Prevention of Endemic Measles Virus Transmission Resurgence


The increased transmission of the genotype H1 measles virus was one of major causes of the regional resurgence of measles in the Western Pacific from 2013 to 2016 but has steadily declined in China from 2014 to 2019 and not been detected since September 2019 either by China or any other country or area in the region. This reflects China’s commitment to achieve a very high two-dose routine MCV coverage in all sub-populations and for provinces to implement targeted annual SIAs in lower coverage areas. With the delayed nation-wide MCV-SIA conducted in the Philippines in 2020, the resurgence of the genotype B3 measles virus in 2018 to 2019 could not be prevented in the country and there was the international seeding of virus again. The endemic measles transmission of genotype D8 continues in Malaysia with cyclic resurgences in 2012, 2015–2018 and 2023 onwards, with specific sub-populations continuing to miss out on routine immunizations.




3.7. Prevention of Large-Scale Import-Related Measles Outbreaks


During the 2018–2019 global measles resurgence, large-scale outbreaks were prevented after importation of measles cases in several countries in the WPR (e.g., Australia, Brunei Darussalam, Japan and the Republic of Korea). Hong Kong SAR (China), Macao SAR (China) and Singapore experienced import-related measles outbreaks, but their elimination status was maintained due to excellent outbreak response and existing high population immunity. New Zealand was able to maintain its elimination status despite experiencing a large-scale import-related measles outbreak from January 2019 to July 2020 [28] but remains under threat for resurgences due to falling immunization rates, particularly in the Māori and Pacific population.



Cambodia experienced multiple outbreaks in 2019 to 2020 due to measles virus importations from neighbouring countries with the increased endemic transmission of genotype D8 measles virus in 2018–2019. This resulted in the loss of measles elimination status for the country, which had been verified in 2015. Samoa and Tonga experienced large-scale import-related measles outbreaks from 2019 to 2020 [28] but the Tongan outbreak was rapidly extinguished due to prevailing high routine MCV coverage.




3.8. Interruption of Ongoing Transmission of Endemic Measles Virus


The genotype D9 measles virus, which was endemic in Malaysia and reported as imported from some countries in the region where measles elimination was verified, has not been detected by either Malaysia or any other country since January 2018.



Genotype H1 measles virus, which was endemic in and reported by China until the third quarter of 2019 and detected as imported by countries verified to have achieved measles elimination, has not been detected by either China or any other country in the region since September 2019.



Mongolia and Cambodia, which the RVC concluded in 2016 and 2021, respectively, had re-established endemic measles virus transmission, and the Pacific sub-region, in which Samoa and Tonga experienced import-related large-scale measles outbreaks in 2019, have achieved and sustained very low measles incidence (<1 per one million population) for at least three years (since 2018 in Mongolia and since 2021 in Cambodia and the Pacific sub-region).




3.9. Rubella Elimination


Since the verification process for rubella elimination started in 2017, seven countries and areas in the WPR (the Republic of Korea, Australia, Hong Kong SAR (China), Singapore, New Zealand, Macao SAR (China) and Brunei Darussalam) have been verified to have achieved and sustained rubella elimination as of September 2023. Malaysia, Mongolia and the Pacific sub-region have established 2025 as their target year for rubella elimination. But several countries (e.g., Cambodia, China, Lao PDR, PNG, and the Philippines) are yet to establish an elimination target year.



In recent years, a higher proportion of rubella cases occurred among people > 14 years of age in the WPR. China experienced a resurgence of rubella virus transmission in 2018 to 2019, with most cases being individuals aged 15 to 25 years, reflecting immunity gaps among birth cohorts that were born prior to and around the time of rubella-containing vaccine introduction into the routine immunization schedule [33]. Japan had large outbreaks of rubella during 2012–2013 and 2018–2019 with most cases occurring among unvaccinated male adults, reflecting immunity gaps among the male birth cohorts from 1962 to 1979 that were historically not targeted for rubella-containing vaccine administration in routine immunization. A one-dose catch-up vaccination campaign was launched in 2019, targeting male birth cohorts [34]. The Philippines have consistently reported a high number of rubella cases over the past decade. There were large-scale rubella outbreaks in 2017, 2019 and 2020 and a significant proportion of rubella cases were reported among women of child-bearing age. The vaccination status for these groups was either undocumented or not vaccinated [35].



Several countries in the region, including China and the Philippines, have not yet established nation-wide CRS surveillance.




3.10. Expanding Laboratory Capacity in the Western Pacific Region


The measles and rubella laboratory network in the WPR has played a very significant role in its successes in eliminating these diseases. As other countries move towards elimination, this role will increase, particularly molecular detection and genotyping. During nation-wide measles resurgences in the Philippines, a single national laboratory for VPDs could not manage the huge increase in sample testing. To address this challenge, seven WHO accredited sub-national (referral) laboratories were established in the country. The establishment of more national VPD laboratories in countries of the Pacific Islands, which require in-country testing due to their remoteness, would greatly decrease the turnaround times inherent in the referral system. Six countries (Cook Islands, Kiribati, Solomon Islands, Tonga, Vanuatu and Western Samoa) have been identified for expansion and training is underway in their laboratories. Testing is intended to be operational by 2025.



The implementation of molecular detection methods is required in Cambodia, Lao PDR, Mongolia and Papua New Guinea. Therefore, Labshot 2030 was devised as a two-stage strategy: an assessment of priority countries (Cambodia, Fiji, Lao PDR, Malaysia, Mongolia, Papua New Guinea, Philippines and Viet Nam) and a road map drafted to integrate surveillance expertise and infrastructure leading to independent and sustainable laboratories within these countries. Reverse transcription polymerase chain reaction (RT-PCR) is important for detecting the measles or rubella viruses. However, it is possible to detect the vaccine strain (genotype A) post vaccination by this method, too. Epidemiological data are essential to suggest whether detection is vaccine-related, and confirmation is possible by vaccine-specific RT-PCR or genotyping. Once genotyping is established, it will provide faster results and more effective surveillance.





4. Conclusions


Notable progress towards measles and rubella elimination has been made in the WPR in the last 10 years, despite the region-wide measles resurgence in 2013–2016, the global measles resurgence in 2018–2019 and the COVID-19 pandemic in 2020–2023. This has provided empiric evidence that: (1) measles and rubella elimination are not only achievable but also sustainable even in countries with large populations (e.g., Japan and the Republic of Korea) under the pressure of multiple importations of measles virus from countries with endemic transmission or large-scale import-related outbreaks during region-wide and world-wide resurgences of measles virus transmission; (2) the interruption of endemic measles virus, including in one of the most populous countries in the world (China), appears feasible, as demonstrated through strong epidemiologic and virologic surveillance systems within the country and evidence throughout the WPR [36]; (3) the prevention of resurgence and large-scale import-related outbreaks is achieved where strong routine immunization programmes are maintained for extended periods (at least 10 years) with two doses of MRCV and high vaccination coverage (at least 90% for both with reliable coverage denominators), even in countries with large populations (e.g., China and Japan); and (4) many countries and areas in the WPR have established strong and resilient immunization programmes, including sensitive case-based surveillance systems with the strong support of public health laboratories across the region, that demonstrated sustained high routine immunization coverage during the COVID-19 pandemic.



This steady progress and considerable achievement have been made possible by the political commitments of the governments of the WHO’s Member States and strong advocacy by the WHO’s Regional Committee. The intensive sharing of lessons learned by countries’ National Immunization Programmes during regular regional meetings organized by WHO has resulted in the translation of success across vast geographic regions and populations. Technical recommendations by regional immunization experts through the annual Technical Advisory Group (TAG) for Immunization and Vaccine-Preventable Diseases in the Western Pacific Region and the annual review and recommendations provided by the Regional Verification Commission for Measles and Rubella Elimination in the Western Pacific to each National or Sub-Regional Verification Committee for Measles and Rubella Elimination have been instrumental in bolstering these achievements. The proactive updating and active implementation of the regional and national operational targets and strategies for elimination with full consideration of country-specific situations and local disease epidemiology is indispensable for accelerating progress and sustaining gains at both national and regional levels.



Major challenges to achieving and sustaining measles and rubella elimination are: (1) the resurgence of virus transmission still occurring in many countries globally with the increased risk of virus importation into countries which have already achieved elimination or are approaching elimination; (2) weak routine immunization programmes (e.g., low vaccination coverage not yet reached >80%, target population underestimated or not included in the coverage denominator, etc.) in a few priority countries; (3) the delayed implementation of proactive and preventive supplementary immunization activities to fill residual or emerging immunity gaps before the accumulation of susceptibles that are found by imported virus; and (4) a growing proportion of adult populations susceptible to rubella infection and transmission in countries with large populations.



To overcome those challenges, a stronger global commitment to coordinating and synchronizing elimination efforts and progress across the world is essential. Countries should continue strengthening their health systems, particularly their immunization programmes. Not addressing, detecting and filling immunity gaps with the transmission of vaccine-preventable diseases among older age groups (i.e., adolescents and young adults) and high-risk groups with low vaccination coverage (e.g., ethnic minorities, migrants) will continue to threaten the achievement and maintenance of elimination.
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Abbreviations


The following abbreviations are used in this manuscript:



	CRS
	Congenital Rubella Syndrome



	MCV
	Measles-Containing Vaccine



	MMR
	Measles–Mumps–Rubella (vaccine)



	MR
	Measles–Rubella (vaccine)



	MRCV
	Measles–Rubella-Containing Vaccine



	MRCV-1
	Measles–Rubella-Containing Vaccine, First Dose



	MRCV-2
	Measles–Rubella-Containing Vaccine, Second Dose



	NIP
	National Immunization Program



	NVC
	National Verification Committee



	PICs
	Pacific Island Countries and Areas



	RC
	Regional Committee



	RT-PCR
	Reverse Transcription–Polymerase Chain Reaction



	RVC
	Regional Verification Commission



	SAR
	Special Administrative Region



	SIA
	Supplementary Immunization Activities



	SRVC
	Sub-Regional Verification Committee



	TAG
	Technical Advisory Group



	VPD
	Vaccine-Preventable Disease



	WHO
	World Health Organization



	WPR
	Western Pacific Region



	WUENIC
	WHO and UNICEF estimates of national immunization coverage
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Figure 1. Measles cases by year 2000–2022 and by month 2012–2023 in the Western Pacific Region Source: [7]. 
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Figure 2. Status of verification on measles and rubella elimination in the Western Pacific Region in 2023. 
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Scheme 1. Status of verification on measles and rubella elimination* in the Western Pacific Region by country, 2012–2023. Source: [25]. 
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Scheme 4. Implementation of supplementary immunization activities with measles and rubella containing vaccines in the Western Pacific Region by country, 2012–2023. Source: [31]. 
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Scheme 5. Performance of measles surveillance in the Western Pacific Region by country, 2012–2023. Source: [29,30]. 
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Scheme 6. Genotypes of measles virus detected in the Western Pacific Region by country, 2013–2023. Source: [30]. 
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Tuvalu 11,312 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Niue 1,934 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tokelau 1,871 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

countries or areas verified to have achieved or sustained elimination
countries or areas that lost the elimination status after being verified to have achieved elimination
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Total
Country / Area Population

(2023) 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023{2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
123,951,692
51,815,810
26,177,413
7,488,865
5,975,689
5,185,288
695,168
449,002
16,767,842
3,398,366
China 1,425,887,337
Philippines 115,559,009
Viet Nam 98,186,856
Malaysia 33,938,221
Papua New Guinea 10,142,619
Lao People's Democratic Republic 7,529,475
Pacific island countries and areas 3,533,234
Numbers of the verified 0 0 - 7 7 8 9 9 9 8 8 8 0 0 0 0 0 2 5 5 5 6 7 7

Verified as Endemic Measles Eliminated Verified as Endemic Rubella Eliminated

countries or areas verified to have achieved or sustained elimination

countries or areas that lost the elimination status after being verified to have achieved elimination

no transmission of endemic measles virus confirmed by National Verification Committee
-ehnunahm of endemic measles virus transmission verified by Regional Verification Committee

no transmission of endemic rubella virus confirmed by National Verification Committee
-e]nmnahon of endemic rubella virus transmission verified by Regional Verification Committee
* Measles elimination is defined as the absence of endemic measles virus transmission in a defined geographical area (e.g. country or area) for 2 12 months, and rubella elimination as the absence of
endemic rubella virus transmission in a defined geographical area for 2 12 months and the absence of congenital rubella syndrome (CRS) cases associated with endemic transmission, in the
presence of a well performing surveillance system. Endemic transmission is the existence of continuous transmission of indigenous or imported measles or rubella virus that persists for 2 12 months
in any defined geographical area. Re-establishment of endemic transmission occurs when epidemiological evidence, supported wherever possible by laboratory evidence, indicates the presence of a
chain of transmission of a virus strain that continues uninterrupted for = 12 months in a defined geographical area where measles or rubella was previously eliminated
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Total
Country / Area Population |<1 year old 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
(2023)
Type of MR MR
age group IM-14Y 6-59m
16,767,842 311,777 |targeted 4,345,392 1,613,925
vaccinated 4,576,633 1,452,821
coverage 105.3% 90%
Type of MR M MR MR
age group 3-14Y 6M-6Y 18-30Y 1I0M-8Y
3,398,366 68,865 |targeted 560,592 368,102 624,000 639,183
vaccinated 522,429 347,685 549,846 309,310
coverage 93.2% 94.5% 88.1% 48.4%
Type of MR MR MR
age group 9-59 M 9-59 M 9-59M
Philippines 115,559,009 | 2,445,164 |targeted 11,485,540 9,463,434 9,704,231
vaccinated 10,402,490 8,549,093 8,184,944
coverage 90.6% 90.3% 84.30%
Type of MR MR
age group 1-14Y 16-17Y
Viet Nam 98,186,856 | 1,421,158 |targeted 20,095,950 1,883,406
vaccinated 19,735,750 1,787,588
coverage 98.2% 94.9%
Type of M MR MR MR
age group 6-35M IM-14Y 6-59 M 6-59 M
Papua New Guinea 10,142,619 246,099 |targeted 631,747 1,286,410 1,167,516 1,223,284
vaccinated 552,872 801,436 1,180,422 871,429
coverage 87.5% 62.3% 101.1% 71.2%
Type of MR MR
age group IMIY 9Im-<5y
Lao People's Democratic Republic 7,529,475 156,737 |targeted 1,560,136 702,756
vaccinated 1,569,224 703,924
coverage 100.6% 100.2%
Type of MR MR
age group 12m-11y 6M-39Y
Fiji 929,766 17,501 |targeted 187,668
vaccinated 178,069 328,000
coverage 94.9% 95.0%
Type of MR MR MR
age group 12-59 M 6M-29Y 6-71M
Solomon Islands 724,273 20,931 |targeted 67,160 376,286 88,916
vaccinated 67,832 394,584 88,138
coverage 101.0% 104.9% 99.1%
Type of MR MR
age group 1259 M 1-15Y
Vanuatu 326,740 9,288 |targeted 33,096 100,317
vaccinated 33,604 103,676
coverage 101.5% 103.3%
Type of MR MR
age group 1-12y 6/12-50' Y
Samoa 222,382 5,933 |targeted 59,931 200,879
vaccinated 57,229 187,369
coverage 95.5% 93.3%
Type of MR
age group 1-14Y
Kiribati 131,232 3,381 |targeted 40,564
vaccinated 39,035
coverage 96.2%
Type of MMR
age group 6 M-49/57 Y|
Micronesia (Fed. States of) 114,164 2,323 |targeted 82,472
vaccinated 71,388
coverage 86.6%
Type of MR
age group 6M-24Y
Tonga 106,858 2,433 |targeted 58,067
vaccinated 54,590
coverage 94.0%

~ countries or areas that lost the elimination status after being verified to have achieved elimination

MRCV-1 first dose of measles- and rubella-containing vaccine
MRCV-2 second dose of measles- and rubella-containing vaccine
M measles vaccine

MR measles-rubella vaccine

MMR measles, mumps and rubella vaccine

MMRV measles, mumps, rubella and varicella vaccine

M9 9 months of age

M12-15 12 to 15 months of age

Y1 one year of age

Y4-6 4 to 6 years of age
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3 Reports only confirmed cases
4ac 11 £ P

+

refer to all the Pacific island countries and areas as one epidemiological bloc; each country is considered as second level unit

Total Discarded non-measles rate per 100,000 pop Second level units with = 2 discarded cases per 100,000 pop"
Country / Area Population =2 = 80%
(2023) 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023|2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Japan 123,951,692
Republic of Korea 51,815,810
Australia ® 26,177,413
China, Hong Kong SAR 7,488,865
Singapore 5,975,689
New Zealand 5,185,288
China, Macao SAR 695,168
Brunei Darussalam 449,002 i y A
Cambodia 16,767,842 | 6.8 3.6 42 47 43 2 : E 5 : . : 833% 91.7% 72.0% 80.0% 84.0% 96.0% 100.0%
Mongolia 3398366 | 220 76 48 511 466 47 84 105 30 02 11 32 81.8% 955%
China 1425887337 23 37 43 45 32 21 22 i
Philippines 115,559,009 | 2.1 33 45 14 14 20 1.0 64.7% 64.7%
Viet Nam 98,186,856 1.2 5.0 21 13 1.7 1.1
Malaysia 33,938,221 | 22.7 225 14.2 12.6 15.8 20.6 26.7 5 : § 93.8% 93.8% 93.8% 938% 87.5% 625% 875% 87.5%
Papua New Guinea 10,142,619 13 | 247 12 13 01 04 15
Lao People's Democratic Republic 7,529,475 | 7.6 74 4.0 8.6 74 71 11.3 18.6 47 7.0 5.5 70.6% 647% 88.2% 100.0% 61.1%
Pacific island countries and areas * 3,533,234 | 5.7 2.0 4.1 6.5 7.6 27 2.7 13.2 5.0 25 9.0
Western Pacific Region 24 35 4.2 4.0 3.0 22 24 52 2.0 17 L7
Total Suspected cases with adequate investigation Suspected cases with adequate specimens for laboratory confirmation®
Country / Area Population = 80% = 80%
(2023) 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023|2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Japan 123,951,692 | ID D D D D D D D D D D D D D D D D D D D D D D D
Republic of Korea 51,815,810 | 84.0% 63.7% 95.6% 68.8% 92.1% 71.2% 78.1% 87.2% 615% 929% 65.8% 95.8% | 90.4% 72.9% 633% 745% 799% 849% 95.0% 972% 95.7% 94.8% 94.6% 96.2%
Australia 26,177,413 | D D D D D D D D D D D D D D D D D D D D D D D D
China, Hong Kong SAR 7,488,865 | 92.0% 942% 99.0% 98.8% 97.9% 100.0% 93.9% 100.0% 100.0% 100.0% 80.0% 100.0% | 97.3% 91.1% 92.8% 97.7% 99.5% 100.0% 97.0% 90.8% 85.7% 100.0% 80.0% 83.3%
Singapore 5975689 | ID 754% 825% 92.0% 85.1% 65.8% 67.6% 73.1% 61.8% 100.0%| ID 67.1% 784% 731% 76.5% 68.8%
New Zealand 5185288 | ID D D D D D D D D D D D D D D D D D D D D D D D
China, Macao SAR 695,168 | 95.7% 95.0% 100.0% 100.0% 100.0% 83.3% 78.1% 99.2% 100.0% 91.3% 100.0% 100.0% |100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 99.2% 100.0% 100.0% 100.0% 100.0%
Brunei Darussalam 100.0% 100.0% 100.0% 100.0% 94.7% 100.0% 100.0% 85.7% 100.0% 100.0% 95.8% 100.0% 100.0% 100.0% 95.2% 68.4% 100.0% 95.0% 100.0%
Cambodia 88.3% 81.9% 832% 91.3% 932% 96.3% 99.2% 98.0% 994% 98.7% 99.0% 78.8% 99.5% 964% 985% 99.7% 99.6% 99.7%
Mongolia 88.3% 98.1% 944% 100.0% 100.0% 100.0% 100.0% 100.0% _ 93.5% 96.2% 95.2% 100.0% 100.0% 60.5% 100.0%
China 1,425,887,337 97.1% 97.8% 97.7% 96.8% 100.0% 98.8% 98.5% 97.9% 94.6% 87.6% 857% 87.9% 915% 93.0% 797% 96.1% 97.9% 97.3% 98.5%
Philippines 115,559,009 79.5% 62.9% 83.6% 69.7% 70.2% w
Viet Nam 98,186,856 ‘ 743% 701% 625% 764% 66.5% 80.4%
Malaysia 33,938,221 732% 72.8% 79.6% 83.8% 92.1% 84.8% 88.0% 80.3% 87.6% 86.2% | 83.3% 81.1% 91.1% 83.6% 88.6% 90.7% 90.0% 91.7% 96.7% 96.8% 99.0% 97.9%
Papua New Guinea 10,142,619 60.8% 65.3% 70.6% 62.0% 774% 83.3% 100.0% 69.2% | 81.0% 76.3% 635% 91.1% 89.8% 843% 91.3% 882% 947% 875% 873% 740%
Lao People's Democratic Republic 745% 851% 98.6% 82.2% 89.1% 64.3% 68.6% 74.9% 85.4% 85.3% 89.0% 645% 70.1% 77.8%
Pacific island countries and areas * 98.8% 92.9% 68.6% 89.7% 8l4% 772% 87.0% 75.0% 95.7% 994% 90.9%
Western Pacific Region 783% 70.9% 88.2% 84.0% 66.1% 87.5% 948% 91.1% 88.0% | 93.1% 737% 67.7% 87.8% 81.9% 625% 87.2% 954% 929% 90.3%
countries or areas verified to have achieved or sustained elimination
countries or areas that lost the elimination status after being verified to have achieved elimination
Reached or surpassed target
Nearly reached target: 1. 00—1 99 for non-measles suspected case rate; 10.1-25% for percent clinically confirmed cases; 60-79% for other indicators
_Substanha]lv below target
insufficient data
NA not applicable
1 This indicator is not applicable for countries which have no second-level administrative units
2 Adequate specimen defined as blood specimen collected within 28 davs of rash onset or other specimen (throat swab, nasopharyngeal swab, cerebrospinal fluid, urine) collected within 5 days of rash t; exclud idemiologically-linked cases
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* Total confirmed and compatible measles casesby month of rash onset
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