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Background & objectives: Globally, there is an effort to eliminate the measles and control rubella as
these diseases lead to considerable morbidity and mortality especially among under-five children and
are important public health problems. This study was aimed to estimate the seroprevalence of measles,
mumps and rubella (MMR) antibodies among children of age 5-10 yr in Chandigarh, north India, to
provide evidence on prevalent immunity levels.

Methods: This cross-sectional study was conducted in Chandigarh, among 196 randomly selected healthy
children (5-10 yr), who received either one or two doses of measles or MMR combination vaccine.
Socio-economic background and immunization history were recorded. Blood sample (2 ml) was collected
to estimate the MMR IgG antibody titres by using ELISA Kits.

Results: Protective seroprevalence of MMR antibodies was 40.8, 75.5 and 86.2 per cent, respectively. The
geometric mean titres of MMR IgG antibodies in the study children were 11.3, 50.6 and 54.3 international
units (IU)/ ml, respectively. The proportion of seroprotected children for measles was significantly higher
among those who had received two or more doses (46.4%) of measles vaccine compared to those who had
received single dose (35.6%) (P<0.001). About 16 per cent of children had received single dose of MMR
vaccine. Among these, 71.4 and 100 per cent were seroprotected against mumps and rubella, respectively.

Interpretation & conclusions: A large proportion of children aged 5-10 yr lacked protective immunity
against measles (60%); about one-fourth (15-25%) were susceptible to infection with mumps and rubella
virus. Mumps vaccination may be considered to be included in National Immunization Schedule for
children with periodic serosurveillance.
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Measles is a highly infectious communicable disease can prove fatal. The median case fatality ratio of measles
of children characterized by fever with generalized body was 1.5 per cent in community based settings and 2.9 per
rash and complications such as pneumonia, ear infections, cent in hospital based settings'. The incidence of measles in
diarrhoea and subacute sclerosing pan-encephalitis, which India was estimated to be 19 cases per million population
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for 2015, with estimated 49,200 deaths [95% confidence
interval (CI): 35,400-65,500]>. Immunizing a child as per
the National Immunization Schedule in India for measles
i.e., first dose at the completion of nine months and second
dose at 16-24 months of age, can prevent the occurrence
and severity of this disease’. However, coverage of
measles vaccine (89.1%) is less as compared to other
vaccines such as BCG (91.9%) in India, which renders a
number of children susceptible to this disease and acts as
a potential source for measles outbreak®. Although rubella
and mumps infection among children are milder diseases,
there are several outbreaks of these two diseases reported
among vulnerable population in India®. Rubella outbreaks
mimic measles outbreak among children®. Infection with
rubella during pregnancy can lead to congenital rubella
syndrome. Mumps can lead to infertility among males
due to its complication of orchitis’.

Earlier, the Global Goal for Measles Control
was to reduce measles deaths by 90 per cent by 2010
compared to the estimated number in 20007. Hence,
the Government of India introduced second dose of
measles vaccine to immunize all under-five children in
May 20108, Subsequently, the 11 Member States of the
World Health Organization South East Asian Region
(WHO-SEAR) committed to eliminate measles and
control rubella/congenital rubella syndrome by 2020°.
Therefore, the Indian government decided to provide
measles rubella (MR) vaccine in a campaign mode to all
children of age nine months to <15 yr and later replace
the measles vaccine with MR in universal immunization
programme in 2017'°. The Indian Academy of Paediatrics
supported elimination of not only measles and rubella,
but also of the mumps by administering two doses of
measles, mumps and rubella (MMR) vaccine'!. Since,
there is evidence of waning immunity with time for
these diseases'?, it will be worthwhile to study the long-
term antibody titres against these diseases in children.

This study was aimed to estimate the seroprevalence
of MMR antibodies among children of age 5-10 yr in
Chandigarh, north India, and to provide evidence on
prevalent immunity levels among children of age 5-10
yr in the community against MMR.

Material & Methods

This cross-sectional study was conducted among
children of age 5-10 yr in the catchment area of Civil
Hospital, Chandigarh, India, which was the field practice
area of department of Community Medicine, School
of Public Health, Postgraduate Institute of Medical
Education & Research (PGIMER), Chandigarh, from

August 2014 to April 2015. It catered to a population
of 71,106 (rural 58%, urban 42%). There were 5532
children in the age group of 5-10 yr, and coverage of
the first dose of measles vaccine was 82 per cent, as per
the Annual Health Survey Report, 2013-20141,

Sample size of the study was estimated to be
180, considering the seroprevalence of measles of
21 per cent'* after the first dose of measles vaccine,
precision was 6.5 per cent, power was 80 per cent and
non-response rate was 15 per cent. Healthy children
between 5 and 10 yr of age residing in the study area
were first listed, numbered and then randomly selected
with the help of a computer-generated random number
table. Children suffering from acute febrile illness,
chronic diseases, immunodeficiency diseases such as
HIV infection, or on corticosteroids, having a history
of convulsions/epilepsy, received another live vaccine
within the last four weeks, a history of administration
of blood, plasma transfusion or immunoglobulin within
the last three months or diagnosed with malignancy
were excluded from the study.

Written assent from eligible children and informed
consent from their parents were obtained prior to
recruitment in the study. The Ethical Committee of
PGIMER, Chandigarh approved this study. All the
children who were found to be susceptible to the
diseases were given vitamin A supplementation.
Repeated measles vaccinations were not provided to
these children as part of this study. However, these might
have been covered under MR vaccination campaign.

Socio-economic status as per Brahm Govind
Prasad socio-economic classification for 2016'5, age
and sex of the child, area of residence and a history
of immunization (cross-checked from immunization
cards if available, or from mother and child tracking
registers maintained by auxiliary nurse midwives
of the study area) were recorded in a structured, pre-
designed and pre-tested interview schedule. Blood
sample (2 ml) was collected from each child by a
trained nurse and was transported to the department of
Virology on the same day. The serum was separated
after centrifugation and samples were stored in —20°C
in aliquots till tested. The MMR IgG antibody titres
were estimated by using commercially available ELISA
kit as per the manufacturer’s instructions. Antibody
level <8 international units per millilitre (IU/ml) was
considered as negative, between 8 and 12 IU/ml as
equivocal and >12 IU/ml as positive or protective
for both measles (Demeditec, Measles 1gG-ELSIA,
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Germany) and mumps (Demeditec, Mumps [gG-ELISA,
Germany). Values <10 IU/ml were considered as
negative, 10-15 IU/ml as equivocal and >15 IU/ml as
positive for rubella (Nova Tec Immunodiagnostica,
GmbH, Nova Lisa, Rubella IgG-ELSIA, Germany).
Children having antibody levels above the cut-oft for
positive were considered as seroprotected.

Statistical analysis: Data were analysed using Statistical
Package for the Social Sciences, version 16.0 (SPSS
Inc., Chicago, IL, USA). Proportion of children with
positive antibody titre levels for MMR was estimated
for seroprevalence. Difference between two or more
proportions was tested by Chi-square test. Geometric
mean titres (GMTs) of the antibodies were estimated,
and differences were compared using ¢ test and ANOVA.
Differences were considered significant at 95 per cent.

Results

A total of 196 children in the age group of 5-10 yr
(mean age: 6.38+1.6 yr) were selected, of whom 51 per
cent were males, 92.9 per cent belonged to rural area and
44.7 per cent belonged to Class IV socio-economic status,
with a median per capita income of 31,625 (interquartile
range <1,170-2,535) (Table I). Thirty five (17.9%)
children had a history of fever with rash in the last one
year. Antibody titres could not be estimated for measles,
mumps and rubella in two (1%), five (2.6%) and nine
(4.6%) cases, respectively, due to insufficient sample.

Overall, protective seroprevalence for MMR was
40.8, 75.5 and 86.2 per cent, respectively (Table II).
The proportion of seroprotected children for measles

Table I. Socio-demographic profile of the children aged 5-10
yr (n=196) in the study in Chandigarh, India, 2014-2015
Socio-demographic variables Number of participants (%)
Age (yr)

5 87 (44.4)

6 33 (16.8)

7 32 (16.3)

8 19 (9.7)

9 9 (4.6)

10 16 (8.2)
Gender

Male 100 (51.0)
Female 96 (49.0)
Residence

Rural 182 (92.9)
Urban 14 (7.1)
Socio-economic status'®

Class I 4(2.0)
Class II 20 (10.2)
Class III 66 (33.7)
Class IV 87 (44.4)
Class V 19 (9.7)

Table II. Seroresponse rate to different doses of measles and measles, mumps and rubella (MMR) vaccine among children aged

5-10 yr in Chandigarh, India

Vaccine dose Negative Equivocal Seroprotected P
administered N (%) N (%) N (%)

Measles’

0 (n=10) 9(90.0) 1 (10.0) 0 0.011
1 (n=59) 32 (54.2) 5(8.5) 21 (35.6)

>2 (n=127) 45 (35.43) 22 (17.3) 59 (46.5)

Total (n=196) 86 (43.9) 28 (14.3) 80 (40.8)

Mumps (MMR)*

0 (n=168) 31(18.5) 5(3.0) 128 (76.2) 0.951
1 (n=28) 6 (21.4) 1 (3.6) 20 (71.4)

Total (n=196) 37 (18.9) 6(3.1) 148 (75.5)

Rubella (MMR)*

0 (n=168) 10 (6.0) 8 (4.8) 141 (83.9) 0.560
1 (n=28) 0 0 28 (100.0)

Total (n=196) 10 (5.0) 8 (4.1) 169 (86.2)

Titres could not be estimated for measles, mumps and rubella antibodies in 2, 5 and 9 children, respectively
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Table III. Age-wise seroresponse rate to measles and measles, mumps and rubella vaccine among children aged 5-10 yr in
Chandigarh, India
Age (yr) Measles titres group’ Mumps titres group? Rubella titres group’
Nun(%) Ebn(%) SP,n(%) N4.n(%) E%n(%) SP,n(%) N.n(%) Eb.n(%) SPn (%)
5 (n=87) 33(37.9) 15(17.2) 38(43.7) 18 (20.7) 3(33.4) 64 (73.6) 5(5.7) 5(5.7) 71 (81.6)
6 (n=33) 15(45.5)  4(12.1) 14424) 7212 1(3.0)  24(72.7) 1(3.0) 0 32 (97.0)
7 (n=32) 14 (43.8) 7(21.9) 11 (34.4) 6 (18.8) 1(3.1) 25(78.1) 0 1(3.1) 30 (93.8)
8 (n=19) 11(57.9) 1(5.3) 7(36.8)  2(10.5) 0 16(842) 4@21.1)  2(10.5)  12(63.2)
9 (n=9) 4(444) 0 5(55.6) 1(11.1) 1(11.1) 6 (66.7) 0 0 9 (100.0)
10 (n=16) 9 (56.2) 1(6.2) 5@31.2) 3(18.8) 0 13 (81.2) 0 0 15 (93.8)
"Total (n=196) 86 (43.9) 28 (14.3) 80 (40.8) 37 (18.9) 6(3.1) 148 (75.5) 10 (5.1) 8(4.1) 169 (86.2)
"Titres could not be estimated for measles, mumps and rubella antibodies in 2, 5 and 9 children, respectively.
N&, no seroprotection; E®, equivocal response; SP¢, seroprotected
was significantly higher among those who had A
received two doses (46.4%) of measles vaccine as 30007 *
compared to the single dose (35.6%) (P=0.011). About 250,04
28 (16.6%) children had received single dose of MMR l .
vaccine. Among these, 20 (71.4%) and 28 (100%) were . moi-
seroprotected against mumps and rubella, respectively. g
Non-significant  relationship was  observed g 1 ’ . ’
between seroresponse rate against all the three 52 - .
diseases and age of the child (Table III). The median s
antibody titre levels against measles were higher in 50,0+ *
the group who had received two or more doses of ° Ei
measles vaccine as compared to single dose (Fig. 1). 0 e % &= : 1
Children aged 5-6 yr had lower, 7 yr equal, and 8 yr B 5 6 7o 8 . 10
had higher median antibody titre levels against mumps AgeeLEiBacmrn
in the group that had received single dose of MMR 300.0
vaccine as compared to the unimmunized group.
The median antibody titre levels against rubella were o 250.0 '
higher among those who had received single dose of §
MMR vaccine as compared to the unimmunized group 3
(Figs 2 and 3). Similar seroprotection rate was observed 2 : .
among younger (5-7 yr) and older (8-10 yr) children £ 15097 s '
after measles/MMR vaccination (Table IV). The GMTs % i $
of MMR IgG antibodies in the study population were s o
11.3, 50.6 and 54.3 IU/ml, respectively (Table V). 50.0- o T
Female children had slightly higher GMT for measles é é ?
as compared to males, but the reverse was observed for 0 ; : 7 i —
mumps (P<0.05). ” 6 ! & K
Age of children (yr)

The proportion of seroprotected females (51%)
against measles was not significantly higher as
compared to males (49%), whereas for mumps and
rubella, higher proportion of males were seroprotected
(54.7 and 50.9%) as compared to females (45.3 and
49.1%), respectively but the difference was not
significant. Seroprotection against measles was

Fig. 1. Age-wise distribution of antibody titres against measles
among children of age 5-10 yr who received single (A) or >two
doses (B) of measles vaccine (“the outliers present beyond =3
IQR; %suspected outliers present between +1.5 and 3.0 IQR). IQR,
interquartile range.

non-significantly higher in rural as compared to
urban areas (40 vs. 35%). Proportion of seroprotected
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Fig. 2. Age-wise distribution of antibody titres against mumps among
children of age 5-10 yr who were unimmunized (A) or received single
(B) dose of MMR vaccine. MMR, measles, mumps and rubella.

children against mumps and rubella was 100 per cent
in urban areas. Among children who had a history of
fever with rash (n=35), only a small proportion were
seroprotected against measles (n=13, 37.1%), but
majority of them were seroprotected against mumps
(n=28, 80.0%) and rubella (n=31, 88.6%).

Discussion

The results of this study highlighted that there
was a large proportion (60%) of children who did
not have protective immunity against measles, and
about 15-25 per cent of children were susceptible
to infection with rubella and mumps viruses. This
indicated a need to include mumps control plans in
addition to measles elimination and rubella control
strategic plans and implement these plans with
increased intensity to achieve the WHO-SEAR goal
by 2020°.
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Fig. 3. Age-wise distribution of antibody titres against rubella among
children of age 5-10 yr who were unimmunized (A) or received
single dose (B) of MMR vaccine (“the outliers present beyond +3
IQR; “suspected outliers present between 1.5 and 3.0 IQR). IQR,
interquartile range; MMR, measles, mumps and rubella.

The observation of higher seroprotection of
children for measles among those who had received
two doses of measles vaccine as compared to those
who had received single dose or no dose in this study
was similar to the findings of Sheikh et al'°. Higher
seroprevalence (44-76%) after single dose of measles
vaccine than that observed in our study (36%) was
documented from other developing countries'”'®. This
indicates lower baseline immunity level for measles
in these studies. The lower seroprotection for measles
after two doses (21.4%) among 4 to 6 yr old childrenina
study by Gomber et al'*, than that observed in this study
(46.4%), was probably due to the immunosuppressant
effect of maternal antibodies.

Waning of MMR/measles vaccine-induced antibodies
after second dose, and the possibility of secondary vaccine
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Table IV. Distribution of seropositive children according to age and number of doses received for measles, mumps and rubella (MMR)
vaccine
Age Immune response Doses of measles Doses of mumps (MMR) Doses of rubella (MMR)
o) 0 1 > Total 0 1 Total 0 I Total
5 n 2 13 72 87 74 13 87 74 13 87
Seropositive,n (%) 0 5(38.5) 33(45.8) 38(43.6) 55(74.3) 9(69.2) 64(73.6) 58(78.4) 13(100) 71 (81.6)
6 n 2 3 28 33 28 5 33 28 5 33
Seropositive, n (%) 0 0 14 (50.0) 14 (42.4) 20(71.4) 4(80) 24(72.7) 28(100) 5(100) 33 (100)
7 n 1 10 21 32 27 5 32 27 5 32
Seropositive,n (%) 0  3(30) 8(38.10) 11(34.4) 22(81.4) 3(60) 25(78.1) 25(92.6) 5(100) 30(93.75)
8 n 2 12 5 19 15 4 19 15 4 19
Seropositive,n (%) 0  3(25) 4(80.0) 7(36.8) 13(86.7) 3(75) 16 (84.2) 8(53.3) 4(100) 12(63.15)
9 n 2 7 0 9 9 0 9 9 0 9
Seropositive,n (%) 0 5(71.4) 0 5(55.5) 6(66.7) 0 6(66.7)  9(100) 0 9 (100)
10 n 1 14 1 16 15 1 16 15 1 16
Seropositive,n (%) 0 5(35.7) 0 5(31.2) 12(80.0) 1(100) 13(81.2) 14(93.3) 1(100) 15(93.75)
Total n 10 59 127 196 168 28 196 168 28 196
Seropositive, n (%) 0 21 (35.6) 59 (46.4) 80 (40.8) 128(76.2) 20(71.4) 148 (75.5) 141(83.9) 28 (100) 169 (86.2)
P - 0.274 0.491 0.736 0.794 0.916 0.866 0.001 - 0.004

failure, as observed in this study, was in line with the
existing literature'®*'. Waning of both the concentration
and the avidity of antibodies might contribute to measles
and mumps infections and lower antibody levels in
twice-MMR-vaccinated individuals'?. Chen et al*
highlighted that the waning of vaccine-induced immunity
to undetectable levels was more apparent in the Asian
Population. An additional dose of measles antigen during
the schoolgoing age or later to boost the individual as
well as herd immunity against measles can be seen as
a possible solution to counteract waning immunity. On
the contrary, Yekta et al”® reported higher seropositivity
and higher mean titres of measles antibody in children
who received single vaccination as compared to those
who were vaccinated twice against measles (P<0.05).
This can be explained by the fact that pre-immunization
antibody level is inversely correlated with the response
to vaccination i.e., children with low pre-immunization
antibody titres show strong response®*?,

The results of this study showed that majority of
unvaccinated children for mumps and rubella were
seroprotected against mumps and rubella as has been
reported earlier'. The reason for seroconversion
(equivocal response) in one unvaccinated child for
measles, who was eight yr old, could be due to the low-
level circulation of the measles virus in the community.
This indicates that community-acquired infections and

the resultant natural immunity have a role to play in
eliciting the immunological response against mumps
and rubella. However, 15 per cent of children remain
susceptible against rubella, which may pose a threat to
infection in the community. Furthermore, it was seen
that 100 per cent of the children who received even one
dose of MMR in each age group were seroprotected
against rubella, which justified the role of vaccination
in this age group.

Higher seroprotection among females (44.8%) as
compared to males (37%) observed in this study can
be attributed to stronger humoral immune responses to
measles vaccine by females, owing to the expression
of several X chromosome-linked genes implicated
in immunological processes*?°. In another study?,
a better rubella virus-specific antibody response was
observed in males soon after vaccination, but no
apparent gender difference was seen after 10 wk of
vaccination, and girls were better seroprotected in
the later stages of life. Higher seroprotection against
measles in children in rural areas could be attributed to
higher levels of virus transmission because of a large
number of migrant population residing in the urbanized,
overcrowded rural area in the study setting. Major
differences with regard to the immunization coverage
were not expected between rural and urban populations
within Chandigarh®. Higher mumps and rubella
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Table V. Distribution of geometric mean titres (GMT) of measles, mumps and rubella IgG titres in the children aged 5-10 yr by sex,

Mumps
GMT (95% CI)

Rubella
GMT (95% CI)

25.62 (13.73-44.21)
15.04 (9.77-22.86)

16.56 (10.11-26.53)
38.95 (16.53-82.48)
11.93 (4.48-33.69)
7.99 (2.00-17.00)
12.60 (3.00-74.00)
24.78 (9.08-69.32)

36.23 (27.17-47.67)
33.29 (25.17-43.41)

30.93 (23.52-41.18)
46.68 (34.79-64.83)
52.19 (27.76-81.58)
15.08 (12.00-22.00)
32.51 (24.00-5300)
36.21 (13.39-70.84)

age and number of doses received
Groups (n) Measles

GMT (95% CI)
Gender
Male (100) 10.13 (7.94-12.77)
Female (96) 11.65 (9.04-15.11)
Age group (yr)
5(87) 12.16 (9.43-16.08)
6 (33) 11.64 (7.80-17.67)
7(32) 9.80 (6.58-14.87)
8 (19) 7.51 (4.60-12.37)
9 (6) 12.36 (6.07-28.05)
10 (16) 8.77 (4.57-17.84)
Number of doses received
0 3.05 (2.08-4.59) (n=10)
1 9.23 (6.85-12.64) (n=59)
>2 12.94 (10.36-15.85) (n=127)
CI, confidence interval

17.44 (11.31-26.35) (n=168)
21.64 (10.84-42.98) (n=28)

30.49 (24.08-38.79) (n=168)
54.07 (39.60-73.21) (n=28)

seroprevalence in urban areas could be due to more
access to MMR vaccine due to better awareness and
education levels®”. In the present study, no significant
association was seen between the socio-economic
status and seroprevalence rate of MMR. Lower socio-
economic status of the parents might affect the vaccine
coverage, but had little effect on the seroconversion, as
was also reported by Wright e al and Polack®®. Another
observation that higher (88.6%, 31/35) cases with a
history of fever with rash were seroprotected against
rubella as compared to measles (37.1%, 13/35) could
be because of previous illness by either rubella or other
exanthematous illness and not specifically measles.

The strength of this study was its community-based
study design that provided baseline seroprevalence
data of MMR. The limitations were that antibody
titres could not be estimated in 16 (8%) children due
to insufficient blood sample. However, a non-response
rate of 15 per cent was considered while estimating the
sample size. The nutritional assessment of the children
was also not done.

The public health importance of this study was that
it provided evidence of low seroprevalence of measles
among school going children, which might have
implications in terms of achieving the goal of elimination of
measles in WHO-SEAR. Low seroprevalence of measles
also indicated the need to monitor routine immunization

sessions, especially vaccine storage and cold chain
maintenance, which may lead to low serologic responses'®.
The results also highlight the need to incorporate mumps
vaccine along with measles and rubella vaccine in the
National Immunization Schedule as the study population
was not immune to mumps, to introduce MMR booster
dose at4-6 yr*! and to conduct periodic serosurveillance for
MMR so that elimination/control goal could be achieved.
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