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Abstract

Mumps, a common childhood disease in the pre-vaccine era that causes swelling of the parotid 

salivary glands, can lead to orchitis, viral meningitis, and sensorineural deafness. While the 

incidence of disease decreased dramatically after the vaccine was added to standard vaccination 

schedules, the disease has made a substantial resurgence in recent years. As a result, it becomes 

critical to examine the factors involved in recurring outbreaks. Although low and incomplete 

vaccination coverage may be a key reason, it does not fully explain the issue due to the high rate of 

occurrence in populations with high vaccination coverage rates. Multiple studies suggest that 

waning immunity and secondary vaccine failure play a large role, the effects of which were 

previously masked by subclinical boosting. Significant knowledge gaps persist around the exact 

role and mechanism of waning immunity and demonstrate the need for more research in this area, 

as well as a reevaluation of mumps vaccine policy.
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Introduction

Mumps causes fever, muscle pain, and swelling of the parotid salivary glands. Severe 

complications can arise from mumps infection, leading to sensorineural deafness, viral 

meningitis in children, and orchitis and oophoritis, with orichitis occuring in up to 30% of 

cases [1]. Though a closely related virus has been isolated in bats, [2] humans are the only 

reservoir of mumps. Mumps spreads through respiratory droplets and contact. Initial 

vaccines contained inactivated virus and while effective, did not induce long-lasting 

protection [3]. Cases of mumps in the United States dropped sharply after the introduction of 
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the attenuated mumps vaccine in 1967. [4] The monovalent vaccine was combined with the 

measles and rubella vaccines, creating the MMR-I vaccine. In 1971, a new version of the 

vaccine, MMR-II, was approved by the FDA for use [5]. Although only one dose was 

initially required, recurrent outbreaks of measles led to the establishment of a second dose of 

MMR-II vaccine for all children in 1989, resulting in a drop of mumps cases [6]. Mumps 

(R0=4–7) is not as highly contagious as measles (R0=12–18) and most of the current 

outbreaks occur in settings such as schools and military dormitories, indicating that close 

contact is required for outbreaks to occur in highly vaccinated populations. Epidemiological 

calculations suggest immunization coverages of 79–100% may be necessary to achieve herd 

immunity [5, 7]; however, outbreaks continue to occur in countries like the US, where 

vaccine coverage has remained >90%, suggesting that our understanding of the factors 

influencing mumps transmission is incomplete.

Despite the availability of a vaccine and recommendations for its use, outbreaks of mumps 

continue to occur in industrialized countries with high vaccine coverage rates and excellent 

healthcare systems [1–4]. Since the early 2000s, a surge of mumps cases in vaccinated 

populations has occurred worldwide; outbreaks have been documented across the United 

States, the Netherlands, the United Kingdom, Sweden, Belgium, and elsewhere [8–11]. In 

the United States, a large outbreak occurred in 2006 and then subsided. In 2012 and 2014, 

further mumps outbreaks occurred, with the Centers for Disease Prevention and Control 

(CDC) reporting 229 and 1,151 cases, respectively. The number of cases has subsequently 

ballooned over the last two years: 5,833 and 5,629 mumps cases were reported in 2016 and 

2017, respectively, in the United States(as of December 31, 2017). These are reported cases, 

and the actual number of cases is unknown due to under-reporting and asymptomatic 

infections. These outbreaks largely affected professional sports teams, students on college 

campuses, religious communities, military populations, and adolescent/young adult 

populations with typically high vaccine coverage [12]. Given the trend depicted in Figure 1, 

it is likely the United States will continue to experience large-scale outbreaks.

While measles and rubella have been the subject of considerable research efforts, mumps 

has not been studied as thoroughly—likely because of historically small numbers of cases in 

the vaccination era and the perceived lack of significant morbidity and mortality compared 

to that of measles and rubella. However, given the dramatic increases in mumps cases 

worldwide with associated morbidity even in highly vaccinated populations, this perspective 

is now changing. The scientific community increasingly recognizes the existence of 

substantial knowledge gaps in the generation and long-term maintenance of immune 

responses to mumps vaccine. These knowledge gaps hinder the ability of public health 

systems to protect populations against mumps outbreaks. The increasing appearance of 

mumps outbreaks necessitates a reprioritization of mumps vaccine research to help explain 

why mumps outbreaks continue to occur in healthy, highly vaccinated populations. Research 

to date suggests that this trend is likely due to a combination of low/incomplete vaccine 

coverage, primary vaccine failure, and secondary vaccine failure; the effects of which were 

likely suppressed due to subclinical boosting when mumps virus widely circulated. Below 

we explore the effect of each of these factors.
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Potential Factors Contributing to Mumps Outbreaks

Low/incomplete vaccine coverage

Many factors have been suggested as possible causes of mumps outbreaks, with low vaccine 

coverage emerging as an obvious concern. Many mumps outbreaks have occurred in 

populations with either low or incomplete vaccine coverage. During a 2004 outbreak in the 

United Kingdom, almost 70% of the mumps cases occurred in those who had not received 

the vaccination at all [13]. This trend was also observed in outbreaks in Sweden and Canada 

[10, 14].

Vaccine hesitancy and resistance has grown in recent decades, in part due to misinformation 

spread by the anti-vaccine movement [15], contributing to a decrease in vaccine confidence 

and coverage in many communities. The impact of vaccine hesitancy can be seen most 

clearly in Japan, where the vaccine was removed in 1993 from standard vaccination 

schedules due to concerns about adverse events after administration of the MMR vaccine. It 

is worth noting that Japan used the Urabe strain, which has been associated with aseptic 

meningitis. Since then, mumps cases in Japan have skyrocketed [16], and significantly 

higher numbers of mumps cases have continued compared to countries that have retained the 

MMR vaccine as a part of the immunization schedule. Japan serves as an important case 

study for the rest of the world, demonstrating the significant impact of low vaccine coverage 

on a population.

Low vaccine coverage is unlikely to be a major contributing factor to recent outbreaks of 

mumps disease in the United States. Vaccination rates for the MMR vaccine in the United 

States are generally above 90%, and yet outbreaks have occurred in highly vaccinated 

communities. In recent mumps outbreaks (Table 1), 10 to 99% of the mumps cases had 

previously received two doses of MMR vaccine [17–27]. For example, a 2005 outbreak in 

the Czech Republic, which caused more than 5,000 cases of mumps, occurred in a 

population where vaccination coverage was 99.6%(at least one dose), and 70.6% (two doses)

[27]. A 2004 outbreak in the Netherlands further demonstrates this problem—93% of the 

affected population had received at least one dose of the MMR vaccine [8]. Even more 

striking are the cases from a 2006 outbreak at a Kansas university and an outbreak at a camp 

in New York in 2005, in which more than 95% of subjects in these two outbreaks had 

received two doses of the MMR vaccine [28, 29]. Thus, low vaccine coverage does not fully 

explain mumps resurgence. These outbreaks in highly vaccinated populations indicate other 

contributing effects exist and should be explored to fully understand public health prevention 

needs.

Primary Vaccine Failure

Primary vaccine failure is another contributor to the resurgence of mumps. Multiple studies 

have implicated primary vaccine failure in epidemic settings.[30, 31] The Jeryl Lynn vaccine 

strain of mumps virus—used in the United States, Western Europe, and many other 

developed countries—induced seroconversion in 95% of recipients in a 20-month follow-up 

of seronegative children after a randomized clinical trial [32]. However, clinical 

effectiveness for the Jeryl Lynn strain (as determined by secondary attack rates between 
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immunized and non-immunized children) ranges from 62–91% [32]. Vaccine failure was 

also apparent with the Rubini and Urabe mumps virus vaccine strains widely used in other 

areas of the world [32]. This presents a significant issue for public health officials dealing 

with outbreaks, where high vaccine effectiveness is crucial to preventing the spread of the 

disease and recurrent outbreaks.

Recurrent outbreaks of measles in the 1980s led to the addition of a second dose of the 

MMR vaccine to standard vaccination schedules in 1989. Multiple studies compared the 

effectiveness of one-dose versus two-dose vaccination regimens of the MMR vaccine, and 

found that while differences were not statistically significant, raw percentages suggested that 

two doses were more effective than a single dose to combat mumps [9, 10, 29]. Assessments 

of outbreaks in the United Kingdom, Canada, and Sweden determined that the affected 

populations tended to have only one dose of the vaccine, further suggesting that a prime-

boost regimen may be useful to maintain long-term protection [10, 12, 14].

Other mumps vaccines strains, such as the Urabe and Leningrad-Zagreb strains, are also 

highly immunogenic;[32] however, these strains are associated with higher levels of adverse 

events(e.g., aseptic meningitis) than vaccines containing the Jeryl Lynn strain [26, 32, 33]. 

Because of this, it is unlikely these strains would be used to replace the Jeryl Lynn strain in 

the United States and Europe.

Antigenic Variation

Antigenic variation has been suggested as another possible factor in mumps vaccine failure. 

Wild-type mumps virus strains(genotype G) identified in outbreaks (in North America and 

Europe)have tended to differ phylogenetically [34, 35] from the Jeryl Lynn strain (genotype 

A) used in the MMR-II vaccine. While antibody responses elicited by the vaccine do cross-

neutralize strains from other genotypes, antigenic difference do exist and the titer required 

for similar levels of viral neutralization is not the same [36]. It has therefore been suggested 

that a new vaccine that targets multiple genotypes of the virus may be necessary to improve 

efficacy and fully control these outbreaks [37]. In the influenza field, researchers have 

identified a phenomenon called ‘antigenic sin’, where the immune response to an initial 

exposure restricts the host’s ability to generate new responses to a closely related pathogen. 

This effect is believed to be due to the preferential expansion of the memory response that 

formed against the initial pathogen which interferes with the ability of naïve responses to 

develop against the new pathogen. Mumps has typically been considered a pathogen with 

low antigenic variability and therefore antigenic sin as a result of MMR-elicited response to 

mumps (genotype A) has not been studied. In fact, studies testing the ability of Jeryl-Lynn 

vaccine-induced antibodies to neutralize mumps virus of different genotypes demonstrated 

that neutralization of m[38]umps viruses still occurred even with a genotype mismatch [38, 

39]. Vaccine-induced neutralizing antibody titers were indeed lower for some strains; 

however, these differences were judged too small to significantly impact immunity. Thus, it 

is unlikely that genotype mismatch explains either the reduced effectiveness of the vaccine 

in recent years or the recent outbreaks. Furthermore, a vaccine targeting currently circulating 

genotypes may not provide effective immunity for genotypes circulating in the future.
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Secondary Vaccine Failure / Waning Immunity

A number of studies conducted in the last two decades have demonstrated an increased risk 

of mumps disease as time after vaccination increases, implying a waning of immunity in 

vaccinated individuals to sub-protective levels. Indeed, high school and college age 

populations have generally demonstrated a greater likelihood of contracting the disease [11]. 

Aretrospective evaluation of the large 2006 outbreak in the Midwestern United States found 

that mumps cases were more likely to occur in individuals who had received their second 

MMR dose 10 or more years prior to exposure [26]. Studies of outbreaks in France and 

Belgium demonstrated that the chance of developing mumps increases by 10–27% with 

every year after vaccination, which is highly suggestive of waning immunity [11, 40]. An 

increase in mumps susceptibility over time has been observed in numerous other population-

based studies [11, 41, 42]. Furthermore, a 2017 study of over 20,000 college students in 

Iowa after an outbreak determined that the attack rate jumps from 1.6 cases per 1,000 for 

those who received the second dose of the vaccine within two years of the outbreak, to 11.3 

cases per 1,000 for those who received it over 13 years before [43]. Taken together, these 

data consistently point to waning immunity as the major contributor to the increasing 

incidence of mumps in highly vaccinated communities.

These recent findings are in contrast to early studies of the mumps vaccine that found no 

link between immunity and time after administration. These early studies found a primary 

failure rate of about 5.5% for the Jeryl Lynn strain of mumps vaccine, and antibody 

persistence for at least 7–9 years[44, 45]. However, these early studies were conducted 5–10 

years after the first release of the vaccine, often during outbreak conditions, failing to 

consider that vaccine efficacy may have been confounded by subclinical boosting of 

immunity in vaccinated individuals through exposure to circulating wild-type mumps virus 

strains—an effect that would disappear over time as vaccination reduced the incidence of 

circulating virus.

It is likely that this subclinical boosting is a major reason behind potential overestimation of 

vaccine-induced protection from mumps disease in the early years of mumps vaccination -a 

factor no longer operative at a widespread level over the recent decades. Only a few studies 

have directly or even indirectly investigated the possibility or impact of subclinical boosting 

of mumps vaccine responses. A few studies demonstrated that in vaccinated, wild-type-

exposed populations, measuring mumps-specific IgG levels alone as indicators of vaccine-

induced mumps immunity artificially inflates measures of vaccine efficacy [46, 47]. 

Additionally, a study of vaccine failure in Belarus found that in a cohort of people who 

contracted wild-type mumps despite previous mumps vaccination, only a small minority of 

their overall high mumps IgG antibody levels were specific to the vaccine-strain virus [48] 

indicating that mumps vaccine alone does not account for high levels of mumps antibodies 

relative to the boosting provided by natural infection. This illustrates the potential impact of 

subclinical boosting within a vaccinated population. Since circulation of wild-type virus has 

decreased significantly since the decade immediately following release of the vaccine, it 

becomes increasingly more important to examine how impactful subclinical boosting was on 

early measures of vaccine efficacy, and to reevaluate efficacy in current populations.
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With less subclinical boosting, the effect of waning immunity plays an increasingly critical 

role in the reemergence of the disease. As little research has been dedicated to determining 

when vaccine-induced immunity to mumps wanes over time, and why individuals and 

populations eventually become susceptible to disease, more information must be gathered 

regarding the mechanism of waning, and determining potential methods of overcoming such 

obstacles.

Discussion

As discussed above, multiple factors have contributed to the reemergence of mumps. While 

the impacts of low vaccine coverage, primary vaccine failure, and antigenic variation have 

been studied, these factors do not explain the dramatically increasing number of recent 

mumps cases in highly vaccinated populations. Secondary vaccine failure appears to be 

playing the dominant role in the re-emergence of mumps outbreaks in highly vaccinated 

populations. This failure is a result of long-term waning immunity, a phenomenon which 

may have been previously masked by subclinical boosting through exposure to wild-type 

mumps virus.

Although secondary vaccine failure is likely to be the reason behind continuing mumps 

outbreaks in vaccinated populations, research regarding mechanisms of waning immunity to 

mumps after vaccination has been minimal. The knowledge gaps surrounding secondary 

vaccine failure significantly hinder prospects for eradication of mumps. Understanding the 

role of waning immunity is critical to developing a better vaccine; however, only a handful 

of studies have collected data that examines mumps immunity. This creates knowledge gaps 

about correlates of protection, when vaccine-induced immunity peaks and subsequently 

decreases, and the role of humoral vs. cellular immunity in long-term protection. The 

uncertainty over the mechanisms of waning immunity in mumps susceptibility, and how to 

correct or prevent secondary vaccine failure, demonstrates the need for considerable further 

research in this area.

Administration of a third dose of the MMR vaccine has also been proposed as a possible 

solution to combat outbreaks and a handful of studies support this idea. The 2015 mumps 

outbreak at the University of Iowa provided an ideal cohort to examine the impact of 

administering a third dose. Just prior to the peak of the outbreak, the university implemented 

a massive campaign to vaccinate students, with 94% of students receiving a third MMR-II 

dose. Individuals who received a third dose of MMR had a 78% lower risk of contracting 

mumps. Administration of a third dose during an outbreak appears to reduce disease risk and 

will likely help contain the spread of the disease. The study found also boost in mumps-

reactive antibody levels for up to three months after administration, and this boost in Ab titer 

is likely the reason behind the reduced disease risk. However, one year after vaccination 

antibody titers ad mostly returned to pre-vaccination levels, indicating that this boost to 

immunity is temporary [43]. Another study also demonstrated that a third dose of MMR-II 

only temporarily increases humoral immunity, followed by a rapid return to pre-third dose 

antibody levels [49]. Given the transient nature of the boosted immune response, a third 

MMR dose fails to solve the problem of apparent secondary vaccine failure over the long-

term, and may best serve as a stopgap measure in outbreak situations. Notably, the Advisory 
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Committee on Immunization Practices (ACIP) recently voted in favor of using a third dose 

of mumps vaccine in the context of a mumps outbreak.[18]

Most of this review has focused on humoral immunity as neutralizing antibody responses are 

considered protective. Mumps vaccines doe elicit T cell responses that eliminate virus-

infected cells. Mumps-specific cellular immunity has been measured by 

lymphoproliferation, cytokine secretion (typically IFNg and IL-10), and by IFNg ELISPOT 

assay after in vitro stimulation with mumps virus. These responses are detectable for years 

and even decades after vaccination and in some cases are detected in the absence of humoral 

immunity to mumps [5, 50]. There is some correlation between humoral and cellular 

immune responses to mumps;[51] however, the factors controlling each response are not 

known. While cellular immune responses are thought to be important for resolution of 

disease they are not believed to materially contribute to protection against infection. A 

caveat to this is that robust humoral immunity may rely on T cell help. Further studies 

investigating cellular immunity to mumps using modern tools to assess Both CD4 and CD8 

T cell numbers, phenotype, and function may provide additional insights into the 

contribution of these cells to mumps immunity.

Conclusion

Since the development of the mumps-containing vaccine nearly 50 years ago, the incidence 

of mumps has been drastically reduced; however, recurring outbreaks of mumps despite 

vaccination mandate improvements to the mumps-component of the MMR vaccine. 

Encouraging vaccination in populations only prevents outbreaks caused by low 

immunization rates and does not address primary and secondary vaccine failure. Few studies 

have focused on understanding how waning immunity occurs, in whom, and at what point 

persons become susceptible to disease. Filling these critical knowledge gaps will require 

comprehensive, long-term studies of the mumps component of the MMR vaccine. The 

results of these studies could elucidate the immunologic and genetic mechanisms behind 

waning immunity and inform the development of new vaccine candidates that are more 

effective at protecting populations from the mumps virus. In geographic areas where 

subclinical circulation and subclinical wild virus boosting is increasingly unlikely, a full 

understanding of all the factors impacting mumps vaccine-induced immunity is necessary 

for the protection of populations and progress toward worldwide eradication of mumps 

disease. In this regard, funding of research studies to understand, at a systems-level, the 

generation and maintenance of long-term immunity is critical—as are studies aiming to 

develop improved mumps vaccines.
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Figure 1. Reported Cases of Mumps in the United States by Year
This figure, from the Centers for Disease Control and Prevention, outlines the number of 

mumps cases by year. *Case count is preliminary. **Cases as of January 27, 2018.
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Table 1

Selection of Recent Mumps Outbreaks (MMR-II-Jeryl Lynn Strain Vaccine)

Year Location # Cases % vaccinated Reference

2017 United States – 47 states and District of 
Columbia

5,629 (as of Dec. 31, 
2017)

Data not yet available [12]

2016-Feb 1, 2017 United States – Arkansas 2,706 66% 2 dose, 7% 1 dose [17]

2015–2016 United States – Illinois 317 16% 3 dose, 73% 2 dose, 4% 1 dose [18]

2014 United States 1,151 Varies across outbreak locations [12, 52]

2012–2013 Belgium 4,061 69% 2 dose, 30% 1 dose [19]

2009–2011 Jerusalem 3,130 46.9% 2 doses, 28.3% 1 dose [20]

2013 United Kingdom 28 84% 2 doses, 8% 1 dose [21]

2013 Poland 2,436 10.3% 2 doses, 43.2% 1 dose [22]

2009 United States – New York 1,521 75% 2 doses, 13% 1 dose [23, 24]

2006 Austria 214 10.7% 2 doses, 30.2% 1 dose [25]

2006 United States 6,584 62.5% 2 doses, 24.8% 1 dose [26]

2005–2006 Czech Republic 5,998 70.6% 2 doses, 1.1% 1 dose [27]
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