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Measles, mumps and rubella are vaccine preventable diseases. However, morbidity and mortality due to these diseases remain largely
unnoticed in India. Measles has received much attention; mumps and rubella still need to garner attention. According to the World Health
Organization, near-elimination of mumps could be achieved by maintaining high vaccine coverage using a two-dose strategy. However,
Government of India has not yet decided on mumps vaccine. In this review, we have reviewed sero-prevalence studies, vaccine studies,
outbreak investigations, virus isolation and virus genotyping studies on mumps. Overall, mumps seems to be a significant public health
problem in India, but does not garner attention due to the absence of a surveillance and documentation system. Thus, inclusion of mumps
antigen in the Universal immunization program would have added advantages, the economic burden imposed by the cost of the vaccine

offset by a reduction in disease burden.
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umps is an acute vira illness affecting
young children, characterized by fever and
swelling of the parotid gland(s) and may
lead to complications mainly deafness,
orchitis, oophoritis, pancreatitis and meningo-
encephalitis [1]. Approximately half of the infected
individuals develop classical disease. About 15-20% of
mumps infections may be asymptomatic while the
remaining subjects develop non-specific respiratory
symptoms [2]. Historically, mumps has been considered
as adisease of children, but over the past two decades, it
has been observed in older children and adults in
countries where childhood mumps immunization has
been in routine use. Mumps re-infection can occur after
immunization or sometimesafter natural infection[3].

In India, very limited data are available on the
epidemiology of mumps. Mumps continues to occur in
epidemic proportionsin Indiadespite the availability of a
safe and effective vaccine. Mumps-containing vaccines
have not been included in the Universal Immunization
Program (UIP) or National immunization schedule, but
areavailable asoptional vaccines. Considering reportson
mumps cases or outbreaks and mumps-related
complications from different parts of the country, the
Indian Academy of Pediatrics (IAP) suggested inclusion
of mumps antigen in the form of Measles, Mumps and
Rubella (MMR) vaccine, first dose at 9 months and
second dose at 16-24 months[4]. The |AP Committee on
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Immunization has reiterated inclusion of mumps antigen
in UIP as MMR vaccine instead of Measles-Rubella
(MR) vaccine[5].

For the present review, studies on mumps from India
were searched in PubMed, PubMed Central, and Google
Scholar. In addition, unpublished research data from
annual reports of National Institute of Virology (NIV)
Pune, wereal so accessed.

MumMPsS REPORTS FROM INDIA

Mumps outbreaks or sporadic cases have been
periodically reported from the States of Kerala,
Maharashtra, Gujarat, Karnataka, Punjab, Tamil Nadu,
Uttar Pradesh and West Bengal [6-20]. These outbreaks
or sporadic cases were confirmed either by clinica
presentation or by using serological or molecular tools
(Tablel). Only ten of these studies confirmed mumps by
serological or molecular tools while in the remaining
studies, clinica diagnosis was used for confirming
mumps. Reports suggest that due to lack of surveillance
and documentation systems, the burden of mumps is
underestimated in India. Similarly, mumps-associated
complications and outcome of patients are not reported
systematically.

Genetic characterization of mumps virus is an
effective tool to track the transmission of wild types.
Reverse transcriptase polymerase chain reaction (RT-
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TABLE | MumpPs REPORTS FROM DIFFERENT PARTS OF THE COUNTRY

Sudy Year District, Sate AgeGroup Noofcases Serolological Molecular Year, Reference
(Years) confirmation  confirmation
1969 Vellore, Tamil Nadu 5-11 66" Yes; 1/66 No *1969[17]
1999-2003  Cdlicut, Keraa 1-12 301 No No 2004 (7]
2002 Thiruvananthapuram, Kerala  1-14 183 No No 2004 [6]
2004-2006  Aligarh,Uttar Pradesh 0.5-12 g7t Yes, 2/87 No *2010[18]
2005 Manipal, Karnataka 5-13 8+ Yes; 8/8 No 2010[10]
2005-2006  Sangli, Maharashtra 313 10 No No *2007[8]
2009 Kolkata,West Bengal 0->15 104 No No 2012 [6]
2011 Fatehgarh Sahib, Punjab 6-12 20 Yes, 9/19 Yes, 7/19 2013[12]
2011-2012  Chennai, Tamil Nadu 0-45 56 Yes; 48/56 Yes; 3/5 2012[15]
2011-2012  Chennai, Tamil Nadu 511 5 Yes, 5/5 Yes, 5/5 2013 [16]
2012 Ludhiana, Punjab 22-24 7t No No 2014 [14]
2012 Osmanabad, Maharashtra 0-65 142 Yes; 44/62 Yes, 23/28 *2013[9]
2009-2014  Country wideDataby IDSP  0-15 1564 No No 2015[5, 20]
2014 Davangere, Karnataka 1-15 31 Yes; 18/31 Yes; 2/31 2015[11]
2015 Tapi, Gujarat 5-13 9 Yes; 8/9 No NIV DataUnpublished
2015 Pune, Maharashtra 0-15 35 Yes; 23/35 No NIV DataUnpublished
2011-2013  Country wideDataby IAP*  0-15 808 No No 2015 [5,20]
2014- 2015  Country wide Databy | AP (72 Outbreaks) 0-15 520 No 2015[5,20]

*Qudies reported viral encephalitis; #10% of | AP Pediatricians had provided data; TEncephalitis; *Atypical mumps; TTDentistry students.

PCR) test, based on small hydrophotic gene of mumps
virus, hasbeen used to generate global sequence database
[21]. Recentlyy, WHO has updated mumps virus
nomenclatureto 12 genotypesviz.A,B,C,D,F,G H, 1, J,
K, L and N. To date, 46 mumps virus sequences are
available from India (Web Fig. 1). Circulation of C
genotype strains have been reported from the States of
Maharashtra, Karnataka and Tamil Nadu and a
circulation of mumps genotypes G from Maharashtraand
Punjab[9,11,12,15,16]. Additional effortsarerequiredto
strengthen molecular surveillance of mumps virus in
India. The complete genome sequence of Indian mumps
strains and its cross-neutralization studies may be useful
tofacilitate theintroduction of mumps containing vaccine
inthe country.

SERO-PREVALENCE STUDIES

Limited studies are available on sero-prevalence of
mumps in India. The first serological survey was
performed on 285 serum sampl es collected during 1964,
and tested by both complement fixation test (h=180) and
hemagglutination-inhibition test (n=105) [22]. Serum
samples were collected from the local blood donors aged
20-30 years and clinical cases aged between 18-20
years. Study documented relatively low mumps positivity
(i.e. 13.3% by complement fixation test and 38.1% by
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hemagglutination-inhibition test) in the healthy blood
donorsfrom Pune, India.

A cross-sectional study was performed on 321 serum
samples to detect mumps-specific antibodies in the
children below 5 years, and also to assess the optimum
agefor the MMR vaccination [23]. Result showed 53.3%
sero-positivity for mumps in children aged <9 months,
20.3% for age 9-12 months, and 40% for 2-year-olds.
Mean antibody levels for mumps were low between 9
months to 2 years with a dlight rise by five years. Thus,
Chakravarti, et al. [23] suggested that alarge number of
children may be at risk by the age of 9 months, and MMR
vaccination at thisage may bebeneficial.

The sero-prevalence study conducted in Health
Sciences students (n=790, 18-25 years old enrolled
during November 2008 to August 2011) from Manipal
University revealed that about 32% of them were
susceptible to mumps [24]. Amongst the MMR
vaccinated group, 34.7% were susceptible to mumps,
indicating likely waning immunity after single dose of
mumps- containing vaccine. Hence, such population may
beat risk for mumpsinfection during their training.

The serum samples (n=86, age 7 mo-27 y) referred
for laboratory diagnosis of measles or rubella during
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2013-14 were tested for the presence of mumps 1gG
antibody (samples were used for an assay devel opment
project). Overall 45.3% samples showed presence of
mumps-specific 1gG antibody, suggesting that over half
of these were susceptible to mumps infection. Mumps
IgG antibody seropositivity was 39.1% in <15 year-olds
(NIV PuneData).

Above mentioned studies suggest that seropositivity
for mumps among Indian population is low, and large
group of the population remains susceptible. Thus,
studies on age-specific sero-prevalence of mumps are
required to formulate mumps vaccine policy. In
conclusion, limited seroprevalence data are available for
mumps from different parts of the country due to which
accurate proportion of susceptible populationintherural
and urban settingsisnot available.

M UMPS-CONTAINING VACCINE STUDIES

A few mumps vaccine studies were available from India.
The sero-conversion rates in MMR-vaccinated children
at 9, 12 and 15 months of age were assessed to understand
the optimum age for the vaccination [25]. The pre-
immunization results showed that levels of mumps
maternal antibody were detectable by hemagglutination
inhibition up to 9 monthsin al infants. An evidence for
subclinical infection wasfound in 19-31% infants by the
age of 15 months. The response to mumps antigen was
also higher (92%) at 12 months than at 9 months (75%).
Vaccine failure was less frequent at 12 months than at 9
months. Singh, et al. [25] suggested that a better response
to the MMR vaccine can be achieved at or after 12
months of age. A longitudinal follow-up was performed
to study the immunogenicity and reactogenecity of the
indigenously produced MMR vaccine [26]. Results
indicated boost in the mumps IgG antibody positivity
from 12% to 92% indicating an excellent
immunogenicity and low reactogenicity with some
adversesideeffects.

A study was performed to assessthe serological status
of measles, mumps and rubellain young children, and to
evaluate the seroconversion of MMR vaccine at 9 and 15
months of age [27]. Of 120 infants (age 9-10 mo), 80%
were sero-negative for mumps. However, 100% mumps
sero-positivity was observed a 6-8 weeks post-
vaccination. Amongst children aged 15-18 months, 70%
were sero-negative, and 96% of them showed mumps
sero-positivity after 6-8 weeks of vaccination. The
antibody levels in Indian girls were measured after 6
years of MMR vaccination [28]. Results showed 95%
seropositivity for mumps specific 1gG  antibodies
(geometric mean titres 1.4, 95% ClI 1.3-1.5). A
prospective study was carried out to assess the extent of
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seroprotection against measles, mumps and rubellain the
measles or MMR-vaccinated children (age 4-6 y), and
also the immune response after 2nd dose of MMR was
assessed after 4-6 weeks of vaccination [29]. The pre-
vaccination seropositivity of 103 children was 87.4% for
mumps, and seropositivity increased to 100% in 84
children who were followed. The geometric mean titers
for all threeantigenswere significantly increased in post-
vaccinated serum samples. Similar studies are necessary
to document long-term persistence of antibodies in the
Indian population.

A study was performed to investigate mumps
infection in MMR-vaccinated and non-vaccinated
populations in Chennai, India[30]. Blood samples were
collected from the suspected mumps cases (n=74, 56.7%
<12-year-old), and tested for the presence of mumps
specific IgM antibody, 1gG antibody against measles,
mumps and rubella viruses by enzyme-linked
immunoassay (EIA). Altogether, 67 (91%) patients had
received minimum one dose of MMR vaccine. All the 67
vaccinated cases had parotitis, and presence of mumps
virus specific IgM antibodies. However, only 10 (15%)
were positive for 1gG antibodies. All samples were
positive for rubella and meades |gG antibodies. Similar
instances have been reported from other countrieswhere
mumps vaccine is in routine use. Another preliminary
study was performed on 12 participantswho received one
dose and 91 participants who received two doses of
MMR vaccine[31]. Result showed thelow seropositivity
for mumps IgG antibodies compared to measles and
rubella IgG antibodies. However, large-scale studies are
essential to understand the mumps immune response in
the vaccinated population.

Above studies indicate that mumps-containing
vaccine provides good sero-conversion amongst the
vaccinated subjects, but two doses of vaccine are crucial
to boost the circulating antibodies. The data on mumps
vaccine effectiveness are not available from India as
mumps is not part of UIP, except few States and Union
Territories.

M EASUREMENT OF IMMUNE RESPONSE

The protective neutralizing antibody titer for mumps is
not well-defined, and therefore characterization of
immune response to mumps virus in immunized
population (pre- and post-vaccination) or natural
infection is very important. Plague reduction
neutralization test (PRNT) measures the functional
antibody (of any class) by in vitro virus neutralization,
and is considered as the ‘gold-standard’ assay for
assessing the serological correlates of protection.
However, PRNT is technically demanding, not easy to
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automate, and has limitations for screening the large
numbers of sera needed for epidemiological
investigations. PRNTSs require 6-7 days for completion.
For large-scale studies, aternative neutralization assays
like focus reduction neutralization test (FRNT) would be
preferred [32]. However, commercially available more
rapid EIA did not differentiate neutralizing and non-
neutralizing antibody. Therefore, a cell culture-based
rapid and reliable immuno-colorimetric assay (ICA) was
established for detection of measles, mumps and rubella
viruses [33]. Use of ICA have been documented on 35
virus isolates, three vaccine strains and clinica
specimens collected from the suspected measles and
mumps cases. Furthermore, an application of ICA in a
neutralization test (i.e., FRNT) was documented and may
be wuseful for the sero-epidemiological, cross-
neutralization and pre/post-vaccine studies.

Recently, the cross-neutralization studies were
performed using a panel of serum samples that
challenged with two wild typesi.e. genotypes C and G
and Leningrad-Zagreb vaccine strain i.e. genotype N
[34]. Result showed all serum samples obtained from
naturally infected or unimmunized individual s effectively
neutralize mumps wild types and a vaccine strain.
However, significantly lower level of FRNT titers was
noted to wild types than to vaccine strain [34]. Limited
data are available on mumps immune response studies
(i.e. vaccineor wild typevirusinduced) from India. Thus,
characterization of mumps immune response in the
vaccinated population should be undertaken using well-
validated 1gG antibody EIA or neutralization tests.

CONCLUSIONS

Many outbreak reports, three sero-prevalence studiesand
seven vaccine studies on mumps are available from
different parts of the country. In addition | AP web-based
system and Integrated Disease Surveillance Program
(IDSP) network reported 2892 mumps cases between
September 2009 and May 2015. This review highlights
that mumpsisapublic health problemin India; however,
inadequate data from different parts of the country
underestimate the true extent of the burden. It has been
observed that there is no uniformity in the methodol ogy
of surveillance, serological testing algorithm, attempt for
virus isolation, and use of available molecular tools and
sequencing. Limited information is available about the
seasonality of mumps casesin the country. Circulation of
two mumps viruses (i.e. genotypes C and G) were
reported from India; more genotyping studies are
necessary to understand other indigenous mumps virus
circulation if any. Inclusion of mumpsantigeninthe UIP
would have added advantages; the economic burden
imposed by the cost of thevaccineislikely to be offset by
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areductionindisease burden and related complications.
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