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Abstract: Mumps virus (MuV), the etiological agent of the common childhood disease Mumps, 
is a single stranded negative sense RNA virus of the family Paramyxoviridae. Mumps infections 
are characterized by painful swelling of the parotid gland which is often self limiting. While 
among others MuV infections can lead to mumps orchitis which is a chronic inflammatory disease 
30-87% patients with bilateral mumps orchitis develop sub fertility and infertility. In an attempt to 
prevent Mumps infections, the Measles, Mumps and Rubella (MMR) vaccine is being 
administered for children worldwide in a two dose schedule. However, in spite of the initial 
worldwide success in the prevention of Mumps infections, there has been an array of reports from 
various parts of the world suggesting the resurgence of mumps inspite of MMR vaccination. 
MMR vaccine failed to induce protective immunity in majority of cases and hence the protective 
efficacy of MMR needs to be revamped and re-optimized. In this review we address the general 
issues pertaining to MuV, current scenario about MMR vaccines and challenges posed in 
developing a successful, robust anti-mumps vaccine. 
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Introduction 
Mumps virus (MuV) is an enveloped, single stranded negative sense RNA virus belonging to the 
family Paramyxoviridae, genus Rubulavirus (Fig. 1). The virus consists of one serotype and is 
divided into 12 genotypes A-N, (namely A, B, C, D, F, G, H, I, J, K, L, N) based on the small 
hydrophobic (SH) gene sequence. Among the various sub genotypes (D1, D2 G1, G2, H1, H2), 
G2 is the one that is currently circulating in India [1]. The virus is transmitted by direct contact; 
droplet nuclei or fomites contaminated by infected saliva and enters the host through the 
respiratory tract. Parotid glands are the most commonly affected organs by MuV and infections of 
central nervous system and urogenital tracts are not uncommon. The morbidity of the disease is 
not to be underrated as it may cause encephalitis, deafness, pancreatitis and congenital 
malformations following maternal MuV infections [2, 3]. Mumps orchitis is the most common 
sequel of mumps infection in post pubertal adults following a severe course of infection. This may 
lead to varied forms of infertility. Immunization with Measles Mumps Rubella (MMR) vaccine, 
containing live attenuated viruses of the three diseases is the best prophylactic measure to reduce 
mumps associated morbidity and mortality [4]. In this article we review the recent mumps 
outbreaks among vaccinated populations around the world and the various conclusions brought 
about by different research groups regarding this issue. We will also touch upon the various 
hoaxes regarding MMR vaccines, difficulties faced by developing countries like India to achieve 
large scale vaccine coverage around the country and also the need for additional mumps 
vaccinations apart from the current two dose schedule of MMR vaccines recommended by WHO.  

Current scenario of MMR Vaccine 
The first antiviral vaccine dates back to Edward Jenner and since then various antiviral vaccines 
came into vogue which includes the vaccines against measles, mumps, rubella,  hepatitis A, 
hepatitis B, polio, influenza, rabies, rotavirus, Japanese encephalitis, and yellow fever and small 
pox. Small pox was eradicated globally by December 9th 1979 [5]. The first mumps vaccine was 
a killed mumps virus vaccine developed in 1948 and used in the United States from 1950-1978. 
But this vaccine had offered short term immunity due to shorter immunological memory 
induction. In 1950 Leningrad-3 strain of MuV was used in Russia and subsequently its variant 
called L-Zagreb strain was introduced in India and Croatia. In 1967, MMR vaccine was licensed 
for human use in USA and in 1993 Serum Institute of India LTD launched the first MMR vaccine 
in India [5, 6]. The vaccine is sold by Merck as M-M-R II, GlaxoSmithKline Biologicals as 
Priorix, Sanofi Pasteur as Trimovax and Serum Institute of India as Tresivac [7]. In India MMR 
vaccine was introduced in the State Immunization Program of Delhi in 1999 as a single dose 
vaccine and later on, the Indian Academy of Pediatrics (IAP) recommended a two dose schedule 
for children if it can be afforded by the parents [8]. Tresivac is a concoction of three vaccine 
strains namely Edmonston-Zagreb Measles virus, Leningrad-Zagreb MuV and Plotkins RA 27/2 
Rubella virus and is administered in a two dose schedule, the first dose at age 12-15 months and 
the second dose at age 4-6 years [9].  
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Fig.1.Structure of Mumps virus 

The failure of a particular vaccine to confer protection to vaccinees may be attributed to two 
reasons namely primary and secondary vaccine failure. The former occurs as a result of 
insufficient primary response and the latter due to waning immunity [10]. Though a single dose 
mumps vaccine has been shown to confer protection up to 5 years from receipt of vaccination 
[11], there is a high risk of infection by wild type mumps virus at some point in future due to 
waning immunity. In fact this problem of waning immunity post vaccination coincides with 
mumps outbreaks occurring among children in primary and secondary schools [12].  

A two dose scheduled vaccine is mandatory as it confers five times more protection than a single 
dose [13].  This method has been adopted in the developing countries with the L-zagreb mumps 
vaccine strain that costs only a fraction of the cost in the developing countries [10]. A particular 
study in England showed that the effectiveness of 1 dose MMR vaccine  declined from 96% in 2-
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year-olds to 66% in 11- to 12-year-olds, and the effectiveness of 2 doses declined from 99% in 5- 
to 6-year-olds to 86% in 11- to 12-year-olds [14]. In a recent mumps outbreak documented among 
Palestinian refugees vaccinated with a single dose MMR vaccine, Mud specific Immunoglobulin 
G (Gig) antibodies was shown to be very high in comparison to Immunoglobulin M (I’m) 
antibodies, indicating a secondary infection due to low protection conferred by the single dose of 
MR vaccine [15]. Administration of multiple MMR doses is thus an important measure which 
needs to be implemented by both developed and developing countries alike. In fact previous 
experiences in countries like Scandinavia show that their populations are protected from Mumps 
solely by vaccination. In such cases, the implementation of a single dose MMR vaccination alone 
puts the people at risk since the chances to receive natural boosters by means of wild type Mumps 
infections are low [10]. 

However, the recent resurgence of Mumps infection in the United States and Canada which 
occurred predominantly among individuals vaccinated with two dose MMR vaccine is 
contradictory to the above statements [16]. A review by Gustavo H. Dayan et. al found waning 
immunity in older vaccinated persons and antigenic variation among Mumps viruses to be 
additional factors responsible for the outbreak [17]. With regard to the time after vaccination and 
increased risk of disease, most of the Mumps cases in the US outbreak were found to have 
occurred among cohorts in which the 2nd dose MMR vaccine was likely to have been 
administered ≥ 10 years earlier  [18]. Few other studies have also shown the relation between 
increasing age and reduced vaccine effectiveness [14]. and higher attack rates with time since 
vaccination [13, 19]. The herd immunity threshold for mumps has been estimated to range from 
88% to 92% and hence, any MMR vaccination program must have vaccine effectiveness above 
this threshold [18, 20-21]. However, a recent study conducted among a highly immunized 
population proved to be ineffective [22]. Steven Rubin et al [23] studied the capacity of 101 
serum samples acquired from different individuals, to neutralize two antigenically and 
phylogenetically distinct mumps virus strains and showed that immune responses to mumps virus 
infections are monotypic. Significant differences in neutralization titers of sera against the two 
mumps viruses were observed, indicating the presence of antigenic variation. Phylogenetic study 
of mumps HN protein which showed no more than 6.16% difference (against the minimum 
required difference of approximately20%) between the two distinct mumps viruses in the study 
also proves the existence of monotypic mumps viruses.  

We had conducted a study in our laboratory with serum samples from 56 acute mumps cases who 
were previously vaccinated with MMR. A striking 93% of the patients had no mumps specific 
IgG and 86% had mumps specific IgM antibodies in their serum. A phylogenic study showed that 
clinical isolates were genotype-C which is distinct from vaccine strains L-Zagreb strain found in 
MMR vaccine. From this study it was speculated that all the patients succumb to mumps 
infections because of the lack of mumps specific IgG coupled with antigenic differences between 
vaccine and wild type mumps virus strains [24]. In a study with 51 individuals who received 
MMR vaccine the seroconversion of serum antibody to protective level against measles, mumps 
and rubella was evaluated. Of the 51 samples, highest seropositivity was noticed for rubella which 
accounted for 100% of the studied population. Lowest rate (61%) of seroconversion was found 
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against mumps. An intermediate number (73%) of people developed measles IgG suggesting the 
disparity in antibody responses to the 3 different vaccine strains and poor efficiency [25].  

Possible reasons for MMR’s failure  
MMR vaccine failure could be due to (1) failure of adequate memory cell development, (2) 
problem with antibody isotype switch (3) mismatch between vaccine strain (L-Zagreb) and 
clinical isolate (MuV genotype C).Development of memory cells is a problem for inactivated 
vaccines and normally live attenuated vaccines are good in stimulating memory cells. Corinne 
Vandermeulen et al [12] studied the memory B cell responses developed after MMR vaccination 
in a human-mouse chimera experiment. They found that PBMC from patients with low antibody 
titer did not induce antibody secretion in mice and suggested that overall memory cell generated 
in lower frequency. Thus, memory cells are produced lower in frequency and this could attribute 
to the absence of long lasting protection against mumps infections. 

For any vaccine to be effective the vaccine strain must be homologous to the clinical strain. When 
there is no identical strains available, usage of the strain which has the best possible homology for 
the vaccine production is a standard practice. A phylogenetic tree analysis conducted by us [24] 
revealed that the L-Zagreb vaccine strain and a wild type mumps virus isolated from acute 
patients had very less homology with each other. This makes us wonder, why are we 
administering MMR so blindly? The weak antibody production could be due to mismatch 
between the vaccine strain and the strain in the community. Such a phenomenon has been 
documented while using influenza vaccines. In the influenza season 1997-1998 there was a poor 
match between vaccine strains (A/Wuhan/359/59 (H3N2)) and circulating influenza strain 
(A/Sydney/05/97) was noticed [26]. Even though this vaccine prevented 35-39% mortality in the 
1997-1998 seasons, prevention was much better in the previous year’s 1996-1997 (60-61%) (26). 
Similar phenomenon could be occurring during MMR vaccination as well. The failure of MMR 
vaccinations that are being reported from across the world may be attributed to the different 
reasons cited above.  Hence it is important that MMR vaccine be revisited and revamped for 
better protection against mumps. 

Conclusion 
The MMR vaccine was developed as an attempt to reduce the incidence of the three major 
childhood diseases measles, mumps and rubella. Though MMR vaccination was cleared from 
Andrew Wakefield’s 1998 fraudulent autism theory there is a lapse in the current way of thinking 
of MMR vaccine. In developing countries like India vaccines like MMR often do not reach the 
poor and backward classes. This may be the case among the population at the rural settings where 
people depend on the government offered vaccines. On top of everything the current 
investigations prove the inefficiency of MMR in preventing mumps. If the government initiates 
measures and steps to curtail the above discussed lacunae the day of mumps becoming a vaccine 
preventable disease is not far from our reach. It is important to note that information about the 
prevalence of Mumps and circulating Mumps virus genotypes is scanty and a majority of cases go 
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unnoticed.  Awareness about the existence of vaccinations for common childhood diseases like 
Mumps, Measles and Rubella in developing nations is necessary. This may be brought about by 
implementing massive country-wide educational campaigns to impart information about vaccine 
preventable childhood diseases. Thus MMR vaccine needs to be optimized and revamped for its 
better efficacy since future world lies in the hands of our healthy children. 
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