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Abstract

:

Rubella is an infectious disease caused by the rubella virus. Congenital rubella syndrome is a risk for all newborns if pregnant women are infected with rubella, raising an important public health issue. Rubella is a vaccine-preventable disease, and routine immunization has been conducted in Japan. The timing of the vaccine approval did not differ from that in the United States. In 2004, endemic rubella was eliminated in the United States. However, recent rubella outbreaks have occurred in Japan. This may be related to differences in the introduction of routine rubella immunization. In Japan, routine rubella immunization was initially introduced only for junior high school girls, and the rate of susceptibility is high among males who have not received rubella vaccination, causing an outbreak. Therefore, in Japan, measures have been taken to decrease the number of susceptible males in the vaccination-free generation. The coronavirus pandemic has also affected the epidemiology of rubella as well as other infectious diseases.
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1. Introduction


Rubella is an acute disease caused by the rubella virus and characterized by fever, exanthema, and lymph node swelling. Clinically, this disease is mild; however, primary infection with the rubella virus in the initial phase of pregnancy results in congenital rubella syndrome (CRS), which is important from the viewpoint of public health. The rubella virus is the most common infectious cause of birth defects. Approximately 100,000 infants worldwide may be born with CRS each year [1]. Rubella outbreaks may increase the morbidity rate in cases of CRS.



The rubella vaccine was approved in the United States in 1969 [2]. It was approved for use in Japan in 1975. Rubella vaccination aims to eliminate both rubella and CRS. There are two approaches for implementing rubella vaccines [3]. The first approach is to perform preventive vaccination in adolescent girls, females of childbearing age, or both for personal prevention. This method focuses on reducing the incidence of CRS. The second approach is more comprehensive and blocks rubella virus transmission and eliminates rubella and CRS by combining the introduction of the rubella vaccine into childhood routine immunization programs with preventive vaccination for highly susceptible older age groups [3]. The first approach was adopted in Japan and the United Kingdom, while the second approach was adopted in the United States; disease management strategies differed among countries [4]. The rubella vaccine was introduced using different approaches in the United States and Japan. In the United States, the elimination of endemic rubella was declared in 2004, while outbreaks of rubella have recently occurred in Japan. In this review, epidemiological data were organized using data published by the National Institute of Infectious Diseases (NIID) in Japan and the Centers for Disease Control and Prevention (CDC) in the United States as available on their respective websites. We present the changes in the epidemiology of rubella and CRS after the introduction of rubella vaccines in Japan and the United States, as well as discuss the concept of rubella immunity. Finally, we discuss the influence of coronavirus disease 2019 (COVID-19) on other infectious diseases.




2. Japan


2.1. Changes in the Rubella Vaccination System and Target Population


In June 1976, rubella was covered by routine immunization. In Japan, a method for vaccinating adolescent girls has been adopted, focusing on the prevention of infection during pregnancy. In August 1977, routine rubella immunization was initiated for junior high school girls [5]. In April 1989, the measles, mumps, and rubella (MMR) vaccination was administered to boys and girls aged 12–90 months instead of the measles vaccine alone. However, in April 1993, aseptic meningitis occurred frequently, and the MMR vaccination was discontinued. In April 1995, rubella vaccination was initiated in boys and girls aged 12–90 months. Routine immunization was performed in junior high school boys and girls whose generations did not correspond to the routine immunization age until 2003 [5]. Furthermore, in 1995, mandatory mass vaccination was changed to an individual opt-in strategy with the enforcement of an amended preventive vaccination law [6]. In 2006, the one-dose rubella vaccination was changed to a two-dose measles-rubella (MR) vaccination (first dose: 1 year after birth, second dose: 1 year before entrance into elementary school). Between 2008 and 2012, the opportunity for a second-dose MR vaccination was introduced at 12–13 and 17–18 years of age [7]. In December 2018, preventive rubella vaccination was administered after confirming susceptibility in males born between April 2, 1962, and April 1, 1979, with no opportunity for routine rubella immunization apart from routine immunization for children [8]. A summary of this process is given in Table 1, including a comparison with the United States vaccination programs.




2.2. Vaccination Rates for Rubella in Japan


The vaccination rate among junior high school girls at the start of routine immunization in August 1977 was 27.3%. This percentage may have ranged from 60 to 70% between 1978 and 1989 [9]. However, during this period, junior high school boys were rarely vaccinated; therefore, the overall vaccination rates for boys and girls will have been remarkably low.



In 1995, routine immunization for young children aged 12–90 months and junior high school students who had not received routine immunization began; however, vaccination rates in young children and junior high school students in 1997 were 60 and 46%, respectively [6]. In 2001, the vaccination rate among young children was 97%, whereas that among junior high school students was 39%. This rate decreased annually among junior high school students until 2001 [5].



In 2006, a two-dose MR vaccination program was initiated. The first and second vaccination rates in 2010 were 96 and 92%, respectively [10]. The first and second vaccination rates in 2016 were 97.2 and 93.1%, respectively [11]. Additionally, the rates increased in 2018 and were 98.5 and 94.6%, respectively [8]. However, the first and second vaccination rates were lower than the target value (≥95%) for eliminating rubella following COVID-19; the respective rates were 93.5 and 93.8% in 2021 [12].




2.3. Epidemiology of Rubella


In 1981, the National Epidemiological Surveillance of Infectious Diseases (NESID) was initiated [13]. However, this did not have any legal basis. The Act on the Prevention of Infectious Diseases and Medical Care for Patients with Infectious Diseases (Infectious Diseases Control Law) was enacted in April 1999. Based on this law, the NESID program was defined as having one of its main objectives [13]. According to the number of reports on rubella published by sentinel clinics in accordance with the NESID program, major epidemics repeatedly occurred in 1982, when the NESID program was initiated, in 1987–1988, and in 1992–1993, that is, every five years [6,14]. However, after 1994, there was no major epidemic for a while [14]. In 2004, an epidemic affecting an estimated 39,000 people occurred [7]. Subsequently, there was no increase over the next 7 years.



In 2008, the Infectious Diseases Control Law was amended, and sentinel surveillance was changed to notifiable disease surveillance [7]. In subsequent outbreaks, the number of patients with rubella increased to 378 in 2011 and further increased to 2386 in 2012 and 14,344 in 2013 [15]. The prevalence of rubella in 2013 showed that many susceptible adult males remain in Japan [15]. Additionally, epidemics involving metropolitan areas occurred in 2018 (n = 2941) and 2019 (n = 2306). Adults accounted for approximately 95% of all reported cases, and males accounted for approximately 80% [8]. The number of patients decreased to 101 by 2020. It was 12 in 2021 and 15 in 2022 [12,16]. This was possibly related to infection control measures, such as wearing masks, during the COVID-19 pandemic.




2.4. Epidemiology of CRS


According to a survey conducted by the Ministry of Health and Welfare, the number of reports on CRS is small, and a Japanese strain of the rubella virus was considered to have lower teratogenicity [17]. However, a subsequent survey indicated that 83 and 232 people, respectively, developed CRS after rubella outbreaks in 1965–1969 and 1975–1977 [18,19]. According to another survey, the incidences were 0.2–8.1/100,000 live births in an epidemic year and 0.1–0.7/100,000 live births in a non-epidemic year [20]. These results show that the incidence of CRS in Japan is similar to that in the United States. According to a questionnaire survey, 639 patients were reported between 1963 and 1992 and 301 between 1978 and 1993 [6].



After the enforcement of the Infectious Diseases Control Law in 1999, no patients with CRS were reported. One patient was reported annually between 2000 and 2003 [5]. During the epidemic period (2003–2004), 10 patients with CRS were reported [7]. Three cases of CRS were reported between 2008 and 2011 [21]. During a rubella outbreak from 2011 to 2013, 45 patients with CRS were reported between 2012 and 2014 [15]. There were no reports from 2015 to 2018. However, with an additional rubella outbreak, four patients with CRS were reported in 2019 and one in 2020 [8].




2.5. Rubella-Susceptible Persons


The herd immunity threshold for rubella is reportedly 83–85% [22,23]. According to the results of an antibody test involving 3164 persons (1783 males and 1381 females) in Japan in 2020, the antibody prevalence rate with a rubella HI antibody titer of 1:8 or higher was approximately ≥90% in both males and females aged 2–34 years. Among females aged 35–59 years, it was ≥90% in all age groups. However, in males aged 40–59 years, it was approximately 80%, which is below the threshold for achieving herd immunity [24]. In Japan, the number of immune individuals necessary to acquire herd immunity has not been reached in men aged 40–59 years. In fact, the number of infected males in this age group was high during the outbreaks in 2013, 2018, and 2019 [15]. This was possibly because routine rubella immunization was performed only on junior high school girls in this generation. Since December 2018, measures have been taken to offer preventive vaccination to males who had previously not received routine rubella vaccination and had low antibody titers against rubella in this age group [8].





3. United States


3.1. Changes in the Vaccination System in the United States


In the United States, live-attenuated rubella vaccines were first approved in 1969 (Table 1) [25]. The new rubella vaccination program involved single-dose vaccination in 1 year-old to adolescent children [10]. In 1978, the Advisory Committee on Immunization Practices recommended that rubella vaccine targets should include highly susceptible postpubertal females, adolescents, college students, persons in military service, and persons working at specific workplaces, such as hospitals, based on epidemiological changes in rubella [26]. Each state’s immunization plans were established, and preschool vaccination became obligatory [27]. In 1990, a new schedule for a two-dose vaccination was recommended [27].




3.2. Vaccination Rate


The vaccination rates before 1977 were approximately 60% in children aged 1–4 years, 71% in those aged 5–9 years, and 64% in those aged 10–14 years [4]. The vaccination rate of children entering school (i.e., kindergarten or first grade) in 50 states and the District of Columbia from 1981 to 1982 was 96% [28]. Such high vaccination rates in these areas may be associated with the enforcement of school immunization laws [26]. A total of 94.8% of kindergarteners in 2009–2010 and 90.5% of adolescents in 2010 had evidence of a two-dose vaccination [29]. The two-dose MMR vaccination rate from 2021 to 2022 was 93.0% [30].




3.3. Epidemiology of Rubella


During the rubella epidemic from 1962 to 1965, approximately 12,500,000 people were infected with rubella, and approximately 2000 people developed encephalitis. Reportedly, 11,250 fetuses and 2100 neonates died [26,31]. Rubella and CRS were reported nationally in 1966. The CDC established the National Congenital Rubella Syndrome Registry (NCRSR) in 1969 [4]. Since the start of the rubella vaccination program in 1969, there has been no epidemic similar to the one that occurred from 1962 to 1965 [4]. In 1969, when the vaccination started, 57,686 patients were reported, but the number of patients decreased by 78% to 12,491 in 1976 [26]. Most patients with rubella were <15 years of age before the start of vaccination. However, after the start of vaccination in 1969, the number of patients with rubella decreased until 1977. The rate of decrease was the greatest in individuals aged <15 years, whereas there was no decrease in those aged ≥15 years; they accounted for 76.1% of all patients [25]. In the 1980s, the number of patients with rubella decreased steadily, and its incidence in all age groups continued to decrease. In 1983, 970 patients were diagnosed with rubella [26]. There was a decrease from 0.45/100,000 people in 1990 to 0.1/100,000 people in 1999 [32]. Furthermore, most patients with rubella before 1995 were non-Hispanic, whereas those diagnosed between 1995 and 1999 were Hispanic [32]. The number of patients with rubella in 2001, 2002, 2003, and 2004 was 23, 18, 7, and 9, respectively. In 2004, the elimination of endemic rubella was declared in the United States [26]. A total of 54 patients with rubella were reported between 2004 and 2009; however, the disease was associated with imports in all patients [29].




3.4. Epidemiology of CRS


During the rubella epidemic from 1962 until 1965, approximately 20,000 infants with CRS were born [26]. In 1969, a vaccination program was started. The number of infants with CRS decreased from 68 in 1970 to 23 in 1976. In 1983, it was four [26]. According to the data from the NCRSR, the incidence of CRS decreased from 2.7 cases per 100,000 births to 1.0 case per 100,000 births between 1969 and 1979 [4]. Of the 24 infants with CRS born between 1997 and 1999, 20 were born to Hispanic mothers. Of these 23 infants, 21 were born to mothers who were born abroad [32]. Furthermore, four infants with CRS were reported between 2001 and 2004. In three of these cases, the mother was born in a country other than the United States [26]. Four infants with CRS were reported between 2005 and 2009. In three of these cases, CRS was acquired internationally [29].





4. Evidence on Rubella Immunity


According to the CDC recommendations [33,34], acceptable presumptive evidence of immunity against rubella includes at least one of the following: (i) written documentation of vaccination with one dose of live rubella virus-containing vaccine administered on or after the first birthday, (ii) laboratory evidence of immunity, (iii) laboratory confirmation of rubella disease, or (iv) birth before 1957 (except women who could become pregnant). Generally, serological examination before and after vaccination is not recommended; however, it is described that additional MMR vaccination (a maximum of three doses) should be offered when rubella-specific IgG-positive reactions are not clear in women of childbearing age who have received rubella vaccination once or twice and that additional serological examination is not necessary [33]. When conducting a serological examination, the cut-off value for positive/negative reactions for detecting rubella antibodies is ≥10 IU/mL [2,35]. In Japan, the two-dose vaccination started in 2006, and the interval from that point was short; therefore, serological examination-based evaluations are frequently performed.



More than 95% of individuals develop immunity after single-dose rubella vaccination, and long-term persistence of protection is achieved. However, individuals are vaccinated with the rubella vaccine in combination with other vaccines, including that for measles, and the two-dose vaccination is often conducted for vaccine program-related reasons [1].



The criteria for acceptable evidence of active rubella immunity are used as guidelines for the evaluation of vaccination and administration in clinical practice and public health settings. Active immunity is used as a tool to provide presumptive evidence but not absolute evidence of immunity [33]. In other words, individuals meeting the criteria may have acquired immunity but may have been reinfected with rubella [33]. There are two methods of acquiring immunity: natural infection-medicated methods and vaccination-mediated methods. One study suggested that individuals acquiring immunity through vaccination are more readily reinfected than those acquiring immunity through natural infection [36].




5. Diagnosis


5.1. Rubella


Diagnostic methods include serological diagnosis, RNA detection, and virus isolation.



Rubella virus-specific IgM (rubella IgM) or IgG (rubella IgG) were used for serological diagnosis. Rubella IgM is detected after a primary infection or vaccination. Rubella IgG can be detected 4 days after the appearance of rubella-related exanthema, and it subsequently reaches a peak in 1 to 2 weeks. Rubella IgM may persist for 3 months, while rubella IgG may persist over the lifetime [34]. Based on these antibody properties, rubella can be diagnosed based on the detection of IgM antibodies in the acute phase, pair-serum-related IgG antibody seroconversion in the acute and recovery phases, or a ≥4-fold increase in IgG antibody levels [34,37]. Pharyngeal swabs, blood, and urine were extracted to detect RNA using polymerase chain reaction (PCR) [34,38]. The positivity rate is increased by collecting samples as early as possible after onset, 0–3 days after the appearance of exanthema if possible, and within 7 days after onset at the latest [11,34]. A combination of PCR and IgM antibody tests 0 to 3 days after the appearance of exanthema, during which specific IgM detection may result in false-negative reactions, may facilitate a more accurate examination/diagnosis. In Japan, it was necessary to measure the serum antibody titer and submit samples for viral genome testing in all rubella-suspected patients in 2018, and the laboratory diagnosis rate increased from 63 to 78% between 2013 and 2017 to approximately 95% from 2018 to 2019 [8].




5.2. CRS


CRS can be diagnosed if rubella IgM antibodies are detected within 6 months after birth or if there is an increase in the rubella IgG antibody titer 7–11 months after birth, that is, before rubella vaccination [34,37].



However, the specificity of rubella IgM testing is not 100%, and false-positive reactions have been detected in some cases. The measurement of IgM antibodies during pregnancy should be limited to rubella-suspected patients [34]. Rubella IgG avidity is sometimes measured to distinguish between recent and historical infections. Antibody avidity serially increases, and low-avidity rubella IgG suggests a recent infection, whereas high-avidity rubella IgG suggests a past infection [34,37]. Therefore, when high-avidity rubella IgG is detected despite a rubella IgM-positive reaction, the rubella IgM-positive reaction may be evaluated as a false positive.





6. Status of Rubella Worldwide


6.1. Vaccination Rate


The number of countries where the rubella vaccine was introduced into routine immunization programs was 99 in 2000, which increased to 173 in 2019 [1]. The bureaus of the World Health Organization (WHO) are located in six areas of the world (Africa, America, Southeast Asia, Europe, the Eastern Mediterranean, and the Western Pacific). According to the Global Vaccine Action Plan 2020, rubella was eliminated only in America as of 2019 [39]. Furthermore, rubella transmission was eliminated in 93 out of 194 principal countries [40]. With respect to WHO regions, the vaccination rates in 2019 in the African, American, Southeast Asia, European, the Eastern Mediterranean, and the Western Pacific regions were 33, 88, 93, 96, 45, and 94%, respectively. The overall vaccination rate is 71%. This figure has increased from 35% in 2010 [39].




6.2. Epidemiology


The number of rubella-infected people per 1,000,000 people worldwide decreased from fifteen in 2010 to seven in 2019 [39]. In 2020, rubella surveillance was conducted in 194 countries, of which 193 had standardized, quality-controlled laboratory testing through the WHO Global Measles and Rubella Laboratory Network. A total of 175 countries reported the number of rubella cases in 2012, and this number increased to 179 in 2019. However, this number decreased to 135 in 2020 during the COVID-19 pandemic [40]. The number of reported patients was 94,277 in 2012, but it decreased to 49,136 in 2019 and 10,194 in 2020 [40]. The decrease in the number of patients reported in 2020 may have been associated with a reduction in surveillance; however, strategies against COVID-19, such as social distancing and wearing masks, may have been useful in preventing the spread of the rubella virus [41].





7. COVID-19 Related Changes in the Epidemiology of Other Infectious Diseases


With the onset of the COVID-19 pandemic in 2020, various infection control strategies have been implemented. Under the influence of these strategies, there have been changes in the epidemic conditions of infectious diseases other than COVID-19. In the United States, the state or timing of the respiratory syncytial virus (RSV) epidemic has changed. No epidemics occurred during the 2020–2021 season. There was an epidemic during the 2021–2022 season, but the timing of the epidemic differed from that of the pre-pandemic period [42]. An out-of-season RSV epidemic may be related to a reduction in herd immunity associated with long-term low-level exposure to RSV, which is termed “immunity debt [43,44]”. Non-pharmaceutical interventions (NPI) during the COVID-19 pandemic may induce immunity debt, exhibiting negative effects during pandemic convergence [44]. Similarly, no RSV epidemics occurred during the 2020–2021 season in Japan. However, an epidemic was observed in the 2021–2022 season, with a marked increase in the number of cases compared with that during the pre-pandemic periods. [45,46]. In infectious diseases, such as RSV, which affect most humans during childhood and confer immunity upon infection, the impact of NPI-related immunity debt may be pronounced. There were some infectious diseases other than RSV infection whose epidemics decreased during the pandemic period. These diseases included mumps. Mumps epidemics occur every 4–5 years in Japan, but there have been no epidemics since the COVID-19 pandemic [47]. In Japan, the routine immunization program does not involve the mumps vaccine, and the vaccination rate is low. Currently, the number of mump-susceptible individuals may increase, and an outbreak may occur after NPI withdrawal. Concerning influenza, there were no epidemics during the 2020–2021 or 2021–2022 seasons in the United States. However, during the 2022–2023 season, an epidemic at the pre-COVID-19 pandemic level occurred [48]. In Japan, there were no epidemics during the 2020–2021 or 2021–2022 seasons. However, there was a specific epidemic during the 2022–2023 season, although it did not reach pre-pandemic levels [49]. In the future, the effects of pathogen interference may have an impact on epidemiology [50]. In Japan, NPI was relatively relaxed in the spring of 2023; therefore, an influenza outbreak at the pre-COVID-19 pandemic level may occur in the following season.




8. Conclusions


Rubella vaccines have been developed and approved for use in several countries. Subsequently, various rubella vaccination programs have been initiated. Immunization of adolescent girls or females of childbearing age alone does not influence the epidemiology of rubella. As rubella infection occurs before the age of immunization in most cases, it would be necessary to vaccinate all susceptible females to eliminate CRS [51]. Furthermore, virus circulation is reduced, and susceptibility remains until adolescence or adulthood in some individuals who did not undergo vaccination and were not infected during childhood [1]. When childhood immunization was performed in both sexes, the mean age of patients with rubella increased, but its incidence in all age groups decreased when the vaccination rate was high. However, when the vaccination rate is low, the circulating virus cannot be disrupted, thereby increasing the susceptibility of women of reproductive age [1]. Therefore, it is important to achieve and maintain high vaccination rates.



In the United States, the rubella vaccine was introduced into routine immunization programs during childhood. The elimination of endemic rubella was declared in 2004. Cases of CRS were observed in patients who were associated with immigrants from countries where routine immunization programs were not consistently implemented. In contrast, in Japan, the incidence of rubella has decreased, but outbreaks have also recently occurred. In Japan, a program to vaccinate adolescent females was initially selected with a focus on the prevention of infection in pregnant women. However, the rubella vaccine was only introduced into the routine immunization program during childhood after the start of this program. Consequently, outbreaks involving non-vaccinated males are still observed in Japan. During the COVID-19 pandemic, NPI decreased the number of patients with rubella, but this did not reflect a decrease in the number of susceptible persons; an epidemic may occur in the future.



In Japan, there has been a reduction in the rubella vaccination rate during the COVID-19 pandemic, raising concern. These problems are also common among other vaccine-preventable diseases (VPDs), whose outbreaks have decreased during the COVID-19 pandemic. Therefore, promoting vaccination against VPDs is necessary.







Author Contributions


Conceptualization, N.O. and T.O.; writing—original draft preparation, N.O.; writing—review and editing, T.O., M.S., T.U., K.N., Y.T. and T.Y.; supervision, N.O. and T.O. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by the Japan Society for the Promotion of Science (KAKENHI) (grant numbers 20K10458 and 20H03958) and the Hyogo Medical University Grant for Research Promotion, 2023.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the study design; collection, analyses, or interpretation of data; writing of the manuscript; or the decision to publish the results.




References


	



World Health Organization. Rubella Vaccines: WHO Position Paper. Wkly. Epidemiol. Rec. 2020, 95, 301–324. Available online: https://www.who.int/publications/i/item/WHO-WER9527 (accessed on 9 August 2023).

	



Reef, S.E.; Plotkin, S.A. Rubella vaccines. In Plotkin’s Vaccines, 7th ed.; Plotkin, S.A., Orenstein, W.A., Offit, P.A., Edwards, K.M., Eds.; Elsevier: Philadelphia, PA, USA, 2018; pp. 970–1000. ISBN 9780323393010. [Google Scholar]

	



World Health Organization. Rubella VACCINES: WHO position Paper. Wkly. Epidemiol. Rec. 2011, 86, 301–316. Available online: https://www.who.int/publications/i/item/WER8629 (accessed on 9 August 2023).

	



Preblud, S.R.; Serdula, M.K.; Frank, J.A., Jr.; Brandling-Bennett, A.D.; Hinman, A.R. Rubella vaccination in the United States: A ten-year review. Epidemiol. Rev. 1980, 2, 171–194. [Google Scholar] [CrossRef] [PubMed]

	



National Institute of Infectious Diseases. Rubella. IASR 2003, 24, 53–54. Available online: https://idsc.niid.go.jp/iasr/24/277/tpc277.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Rubella. IASR 2000, 239, 21. Available online: http://idsc.nih.go.jp/iasr/21/239/tpc239.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Rubella and Congenital Rubella Syndrome in Japan, as of March 2013. IASR 2013, 34, 87–89. Available online: https://www.niid.go.jp/niid/en/865-iasr/3469-tpc398.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Rubella and Congenital Rubella Syndrome in Japan as of July 2020. IASR 2020, 41, 153–154. Available online: https://www.niid.go.jp/niid/en/865-iasr/10443-487te.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Trends in Rubella Vaccination Coverage. IASR 2003, 24, 55–57. (In Japanese). Available online: http://idsc.nih.go.jp/iasr/24/277/dj2771.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Rubella and Congenital Rubella Syndrome. IASR 2011, 32, 250–252. (In Japanese). Available online: http://idsc.nih.go.jp/iasr/32/379/tpc379-j.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Rubella and Congenital Rubella Syndrome in Japan as of January 2018. IASR 2018, 39, 29–31. (In Japanese). Available online: https://www.niid.go.jp/niid/en/865-iasr/7944-457te.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Rubella and congenital rubella syndrome. IASR 2023, 44, 45–47. (In Japanese). Available online: https://www.niid.go.jp/niid/ja/rubella-m-111/rubella-iasrtpc/11821-518t.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. The National Epidemiological Surveillance of Infectious Diseases in Compliance with the Enforcement of the New Infectious Diseases Control Law. IASR 1999, 230, 20. Available online: http://idsc.nih.go.jp/iasr/20/230/de2309.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Weekly Cases of Rubella a Per Sentinel Clinic. National Epidemiological Surveillance of Infectious Diseases: Japan 1982–1999, Figure 1. Available online: http://idsc.nih.go.jp/iasr/21/239/graph/f2391.gif (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Rubella and Congenital Rubella Syndrome in Japan, as of June 2015. IASR 2015, 36, 117–119. Available online: https://www.niid.go.jp/niid/en/iasr-vol36-e/865-iasr/5806-tpc425.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Number of Reports by Year Category V Infectious Diseases (Notifiable Disease Surveillance). National Epidemiological Surveillance of Infectious Diseases. Available online: https://www.niid.go.jp/niid/ja/ydata/10410-report-ja2020-30.html (accessed on 18 July 2023).

	



Kono, R.; Hirayama, M.; Sugishita, C.; Miyamura, K. Epidemiology of rubella and congenital rubella infection in Japan. Rev. Infect Dis. 1985, 7 (Suppl. 1), S56–S63. [Google Scholar] [CrossRef] [PubMed]

	



Ueda, K.; Tokugawa, K.; Nishida, Y.; Kimura, M. Incidence of congenital rubella syndrome in Japan (1965–1985). A nationwide survey of the number of deaf children with history of maternal rubella attending special schools for the deaf in Japan. Am. J. Epidemiol. 1986, 124, 807–815. [Google Scholar] [CrossRef]

	



Ueda, K. Epidemiology of rubella and congenital rubella syndrome in Japan before 1989. Vaccine 2016, 34, 1971–1974. [Google Scholar] [CrossRef]

	



Katow, S. Surveillance of congenital rubella syndrome in Japan, 1978–2002: Effect of revision of the immunization law. Vaccine 2004, 22, 4084–4091. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention (CDC). Nationwide rubella epidemic—Japan, 2013. MMWR Morb. Mortal. Wkly. Rep. 2013, 62, 457–462. [Google Scholar]

	



Fine, P.E.M. Herd immunity: History, theory, practice. Epidemiol. Rev. 1993, 15, 265–302. [Google Scholar] [CrossRef]

	



Fine, P.E.M.; Mulholland, K.; Scott, J.A.; Edmunds, W.J. Community protection. In Plotkin’s Vaccines, 7th ed.; Plotkin, S.A., Orenstein, W.A., Offit, P.A., Edwards, K.M., Eds.; Elsevier: Philadelphia, PA, USA, 2018; pp. 1512–1531. ISBN 9780323393010. [Google Scholar]

	



National Institute of Infectious Diseases. Proportion Seropositive against Rubella Virus by Age, Gender and Vaccination Status, Fiscal year 2020, Japan. National Epidemiological Surveillance of Vaccine-Preventable Diseases. Figure 5. Available online: https://www.niid.go.jp/niid/images/iasr/2022/1/503tf05.gif (accessed on 18 July 2023).

	



Preblud, S.R.; Serdula, M.K.; Frank, J.A., Jr.; Hinman, A.R. From the Center for Disease Control. Current status of rubella in the United States, 1969–1979. J. Infect. Dis. 1980, 142, 776–779. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention (CDC). Elimination of rubella and congenital rubella syndrome–United States, 1969–2004. MMWR Morb. Mortal. Wkly. Rep. 2005, 54, 279–282. [Google Scholar]

	



Nelson, D.B.; Layde, M.M.; Chatton, T.B. Rubella susceptibility in inner-city adolescents: The effect of a school immunization law. Am. J. Public Health 1982, 72, 710–713. [Google Scholar] [CrossRef]

	



Centers for Disease Control (CDC). Rubella—United States, 1979–1982. MMWR Morb. Mortal. Wkly. Rep. 1982, 31, 568+573–575. [Google Scholar]

	



Advisory Committee on Immunization Practices; Centers for Disease Control and Prevention (CDC). Immunization of health-care personnel: Recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm. Rep. 2011, 60, 1–45. [Google Scholar]

	



Seither, R.; Calhoun, K.; Yusuf, O.B.; Dramann, D.; Mugerwa-Kasujja, A.; Knighton, C.L.; Black, C.L. Vaccination coverage with selected vaccines and exemption rates among children in kindergarten—United States, 2021–2022 school year. MMWR Morb. Mortal. Wkly. Rep. 2023, 72, 26–32. Available online: https://www.cdc.gov/mmwr/volumes/72/wr/mm7202a2.htm (accessed on 20 July 2023). [CrossRef] [PubMed]

	



Orenstein, W.A.; Bart, K.J.; Hinman, A.R.; Preblud, S.R.; Greaves, W.L.; Doster, S.W.; Stetler, H.C.; Sirotkin, B. The opportunity and obligation to eliminate rubella from the United States. JAMA 1984, 251, 1988–1994. [Google Scholar] [CrossRef]

	



Reef, S.E.; Frey, T.K.; Theall, K.; Abernathy, E.; Burnett, C.L.; Icenogle, J.; McCauley, M.M.; Wharton, M. The changing epidemiology of rubella in the 1990s: On the verge of elimination and new challenges for control and prevention. JAMA 2002, 287, 464–472. [Google Scholar] [CrossRef] [PubMed]

	



McLean, H.Q.; Fiebelkorn, A.P.; Temte, J.L.; Wallace, G.S.; Centers for Disease Control and Prevention. Prevention of measles, rubella, congenital rubella syndrome, and mumps, 2013: Summary recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm. Rep. 2013, 62, 1–34. [Google Scholar] [PubMed]

	



Centers for Diseases Control and Prevention (CDC). Rubella Information for Healthcare Professionals. Available online: https://www.cdc.gov/rubella/hcp.html (accessed on 18 July 2023).

	



World Health Organization. The Immunological Basis for Immunization Series. Module 11: Rubella. 2008. Available online: https://apps.who.int/iris/handle/10665/43922 (accessed on 9 August 2023).

	



Best, J.M. Rubella vaccines: Past, present and future. Epidemiol. Infect. 1991, 107, 17–30. [Google Scholar] [CrossRef]

	



American Academy of Pediatrics. Rubella. In Red book: 2021–2024 Report of the Committee on Infectious Diseases, 32nd ed.; Kimberlin, D.W., Barnett, E.D., Lynfield, R., Sawyer, M.H., Eds.; American Academy of Pediatrics: Itasca, IL, USA, 2021; pp. 648–655. [Google Scholar]

	



Best, J.M.; Enders, G. Laboratory Diagnosis of Rubella and Congenital. In Rubella Viruses; Elsevier: Amsterdam, The Netherland, 2006; Volume 15, pp. 39–77. [Google Scholar]

	



World Health Organization (WHO). Global Vaccine Action Plan, Monitoring, Evaluation & Accountability, Secretariat Annual Report; World Health Organization: Geneva, Switzerland, 2020; Volume 2020. [Google Scholar]

	



Zimmerman, L.A.; Knapp, J.K.; Antoni, S.; Grant, G.B.; Reef, S.E. Progress toward rubella and congenital rubella syndrome control and elimination—Worldwide, 2012–2020. MMWR Morb. Mortal. Wkly. Rep. 2022, 71, 196–201. [Google Scholar] [CrossRef] [PubMed]

	



Centers for Diseases Control and Prevention (CDC). Global Immunization. About Global Measles, Rubella, and Congenital Rubella Syndrome (CRS). Available online: https://www.cdc.gov/globalhealth/measles/about/index.html (accessed on 18 July 2023).

	



Hamid, S.; Winn, A.; Parikh, R.; Jones, J.M.; McMorrow, M.; Prill, M.M.; Silk, B.J.; Scobie, H.M.; Hall, A.J. Seasonality of respiratory syncytial virus—United States, 2017–2023. MMWR Morb. Mortal. Wkly. Rep. 2023, 72, 355–361. [Google Scholar] [CrossRef] [PubMed]

	



Cohen, R.; Ashman, M.; Taha, M.K.; Varon, E.; Angoulvant, F.; Levy, C.; Rybak, A.; Ouldali, N.; Guiso, N.; Grimprel, E. Pediatric Infectious Disease Group (GPIP) position paper on the immune debt of the COVID-19 pandemic in childhood, how can we fill the immunity gap? Infect. Dis. Now 2021, 51, 418–423. [Google Scholar] [CrossRef]

	



Billard, M.N.; Bont, L.J. Quantifying the RSV immunity debt following COVID-19: A public health matter. Lancet Infect. Dis. 2023, 23, 3–5. [Google Scholar] [CrossRef] [PubMed]

	



National Institute of Infectious Diseases. Weekly Number of Reported RSV Infection Cases and RSV Detections, Week 1 of 2018 to Week 52 of 2021, Japan. National Epidemiological Surveillance of Infectious Diseases. Figure 1. (In Japanese). Available online: https://www.niid.go.jp/niid/images/iasr/2022/4/506tf01.gif (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. RSV Infection Cases Reported per Sentinel Weekly, Week 8 of 2018 to Week 13 of 2023, Japan. National Epidemiological Surveillance of Infectious Diseases. Available online: https://www.niid.go.jp/niid/ja/10/2096-weeklygraph/1661-21rsv.html (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Mumps (Epidemic Parotitis) Cases Reported Per Sentinel Weekly, Week 1 of 2013 to Week 13 of 2023, Japan. National Epidemiological Surveillance of Infectious Disease. Available online: https://www.niid.go.jp/niid/ja/10/2096-weeklygraph/1654-13mumps.html (accessed on 18 July 2023).

	



Centers for Diseases Control and Prevention (CDC); Weekly, U.S. Influenza Surveillance Report. Available online: https://www.cdc.gov/flu/weekly/index.htm (accessed on 18 July 2023).

	



National Institute of Infectious Diseases. Weekly Reports of Influenza Virus Isolation/Detection, 2009/10–2022/3. Infectious Agents Surveillance System. Available online: https://www.niid.go.jp/niid/images/iasr/rapid/inf3/2019_36w/in1j_230417.gif (accessed on 17 April 2023).

	



Jones, R.P.; Ponomarenko, A. Roles for Pathogen Interference in Influenza Vaccination, with Implications to Vaccine Effectiveness (VE) and Attribution of Influenza Deaths. Infect. Dis. Rep. 2022, 14, 710–758. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization (WHO). Rubella vaccines: WHO position paper. Wkly. Epidemiol. Rec. 2000, 75, 161–172. Available online: https://apps.who.int/docstore/wer/pdf/2000/wer7520.pdf (accessed on 18 July 2023).








[image: Table] 





Table 1. Timeline of evolving rubella vaccine strategies.
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Year

	
Changes in Immunization Programs in the United States and Japan






	

	
The United States

	
Japan




	
1969

	
Approval of the rubella vaccine

	




	

	
Start of single-dose vaccination for 1 year-old to pubertal children.

	




	
1975

	

	
Approval of the rubella vaccine




	
1977

	

	
Start of vaccination for junior high school girls




	
1989

	

	
Start of single-dose vaccination for boys and girls aged 12 to 90 months.




	
1990

	
Start of a two-dose vaccination at 12 to 15 months and 4 to 6 years of age.

	




	
1995

	

	
Single-dose vaccination for boys and girls aged 12 to 90 months




	

	

	
Single-dose vaccination for junior high school boys and girls (during a limited period of April 1995 to September 2003).




	
2004

	
Declaration on the elimination of endemic rubella.

	




	
2006

	

	
Start of a two-dose vaccination for children aged 12 to <24 months and aged 5 to <7 years




	
2008

	

	
Second vaccination for children aged 12 to 13 years and aged 17 to 18 years (during a limited period of 2008 to 2012).




	
2015

	
Declaration on the achievement of rubella and CRS elimination (Region of the Americas).

	




	
2019

	

	
Single-dose vaccination for susceptible males who were born between 2 April 1962, and 1 April 1979 (continued).

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  vaccines-11-01358


  
    		
      vaccines-11-01358
    


  




  





media/file0.png





