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Measles is one of the most contagious human diseases; it remains a leading cause of death among
young children and its elimination is one of the major global public health priorities. It is estimated that
in year 2008 approximately 100,000 deaths in children aged less than 5 years was attributable to
measles. The increase in measles vaccination coverage in the developing world has produced
significant changes in the epidemiology of the infection. The present age stratified cross sectional
survey was conducted in Islamabad, Pakistan and its adjoining areas during January to June, 2009 to
determine the measles protective titre in children of 1 to 15 years. 927 blood samples of children were
collected to ascertain the measles antibodies by ELISA assay. 588 were males and 339 were female (p =
0.001). Measles IgG antibodies sero-positive ratio in children among examined population was 741
(79.9%), sero-negative 174 (18.77%) (p = 0.001). Out of 174 seronegative children, 135 (14.5%) were
vaccinated while 39 (4.20%) children were non-vaccinated. The children were divided into three groups,
that is, 1 to 5 years (pre school age), 6 to 10 years (primary school group) and 11 to 15 years (secondary
school going children). Sero-positive antibodies percentage increased age. Measles IgG antibodies
ratio is higher in male children as compared to female. Sero-surveillances should be conducted at
regional and provincial levels to assess the actual level of protective titre throughout the country and to
evaluate the country’s vaccination program. The routine coverage of immunization should also increase

from 80 to 100%.
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INTRODUCTION

Measles is one of the most contagious human diseases
and remains a leading cause of death among young
children, despite the availability of a safe and effective
vaccine for the past 40 years. It is estimated that in 2008
approximately 100,000 deaths in children aged less than
5 years was attributable to measles (WHO, 2000; Black
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et al., 2010). Pneumonia is one of the most common fatal
complications of measles (Duke and Mgone, 2003). Its
elimination is one of the major global public health
priorities (Dodd and Cassels, 2006). The increase in
measles vaccination coverage in the developing world
has produced significant changes in the epidemiology of
the infection (Cliff et al., 2003), such as a shift to a higher
incidence of measles in older children and young adults
(Coetzee et al., 1994). Morbidity and mortality related to
measles frequently occurs before nine months of age.
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However, vaccination against measles is recommended
at the age of 9 months in developing countries (Tapia et
al., 2005). Maternal antibody confers protection to infants
against measles during the first few months of life
(Assaad, 1983). In Pakistan, 25% of measles cases
occur under one year of age and in Bangladesh 17% of
cases are below five years of age in infants (de-Francisco,
1998). Women have shown varied levels of antibody
titers to pass it on to their infants, and Asian women have
low tendency of placental antibody transfer, which can
aggravate the overall protection of infants against
measles in the region (Black, 1989).

In developed countries, children aged 12 to 15 months
are given first dose, and a second dose of measles
vaccine was added to the vaccination schedule of 7 years
old (Janaszek et al., 2000). In 2008, all World Health
Organization (WHO) member states reaffirmed their
commitment to reduce the global measles mortality to
less than 75,000 deaths by 2010, that is, 90% reduction
in measles mortality compared to the year 2000.

Serosurveillance is an important component of any
comprehensive  surveillance system for vaccine
preventable diseases. Serosurveillance is therefore the
gold standard for measuring immunity in a population,
and complements disease surveillance. Serological
surveys of specific antibody status in vaccinated
populations provide valuable information to health
authorities on the impact of the intervention on continued
transmission (Babad et al., 1995; Gay et al., 1995), the
distribution (by age and geographical location) of
proportions sero-negative (Cutts et al., 1995; Gay et al.,
1997; Cox et al.,1998; de Melker et al., 2001), the risks of
an outbreak (Babad et al., 1995; Gay et al., 1997) and
the progress towards elimination (Janaszek et al., 2000).
Surveys that report on the level of detectable antibody,
rather than presence or absence, may further inform on
the likely distribution of sub-clinical, mild and typical
measles re-infection and on the potential for community
persistence of measles (Cutts et al., 1995; Cox et al.,
1998; Mossong et al., 1999; Lee, 1999, Lee et al., 2000).
The data from serosurveillance is also an essential contri-
bution to mathematical modeling, which can predict the
potential for cases in the future, and thus when, and in
which age groups-intervention is required to prevent an
epidemic. The serological studies has also shown that
post vaccination measles antibody titre declines in the
absence of natural reinfection and age at vaccination has
an influence on the immune response (Christenson and
Bottiger, 1994; Boulianne et al.,, 1995). The sero-
surveillance program is also an important source of
information for public health action. There is little recent
data on measles sero-epidemiology and the impact of
vaccination on measles transmission in Pakistan.

The present study is age stratified serological survey to
ascertain the levels of antibody against measles in
vaccinated/non-vaccinated children ranging from 1 to 15
years from various parts of Islamabad and its adjoining

areas. It also looked into the possible associations
between age, sex, socioeconomic and immunological
response to measles vaccine. It can provide an important
data to support the evaluation of country vaccination
program and efficacy of Expanded Program on
Immunization (EPI) on (measles) vaccine in Pakistan.

MATERIALS AND METHODS
Study design

The present study is age stratified serological survey, which was
carried out for six months from January, 2009 to June, 2009. There
are two methods that can be used to obtain sera for the serosurvey.
Ideally, a nationally representative sample would be randomly
selected from the study population and participation would be 100%.
The alternative is to use a convenience sample of sera that have
been collected for other purposes. Both approaches have been
used internationally. Population based has been used in USA as
part of their National Health and Nutritional Examination Surveys
Programs. In Netherlands, a cluster sampling technique is used to
select the sample (Gidding, 2003).

In this study, a total of 927 blood samples of children were
collected from Islamabad and its adjoining areas from selected
groups of children/adults ranging from 1 to 15 years. The study was
approved by the board of studies of Quaid-i-Azam, University,
Islamabad, Pakistan. Vaccination history and blood samples were
also collected. The sera were separated and kept at -20°C till the
samples were analyzed for the presence of measles-specific 1gG
antibodies using commercial ELISA kits. The phlebotomist and
investigators also explained the purpose of study to the
parents/guardians and sought their written consent for taking the
blood from children. The results were calculated by applying SPSS
14.

Including criteria: Vaccinated/ non-vaccinated; age 1 to 15 years
old; and both genders, male/female children. Excluding criteria:
Immuno-compromised; Infected with human immunodeficiency
virus; recently infected with measles and other infection such as
tuberculosis, hepatitis etc.

RESULTS

A total of 927 samples for all age groups were collected
of which 588 were males and 339 were female (p =
0.001). The male sero-positive ratio is greater than
female in all age groups except one, five, eleven and
fifteen year children. Measles IgG antibodies sero-
positive ratio in children among examined population was
741 (79.9%), sero-negative 174 (18.77%), equivocal ratio
was 12 (1.29%). Out of 174 seronegative children, 135
(14.5%) were vaccinated while 39 (4.20%) children were
non-vaccinated as mentioned in Table 1. The details of
the children according to sex and age are given in Table
2. The age wise sero-positive prevalence amongst male
and female and equivocal sera is given in Table 3.
Prevalence of measles IgG antibodies in different age
groups is shown in Table 4. The children were divided
into three groups, that is, 1 to 5 years (pre school age), 6
to 10 years (primary school group) and 11 to 15 years
(secondary school going children). In first and second
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Table 1. Measles sero-prevalence in the examined population.
Age No. of sera  No. of positive No. of negative sera No. of non-vaccinated No. of equivocal value
(years) tested sera (%) (vaccinated) (%) children (seronegative) (%) sera (%) P
1-15 927 741 (79.9) 135 (14.56) 39 (4.20) 12 (1.30) P =0.001

Table 2. Prevalence of measles antibodies, in vaccinated and non-vaccinated children, according to age and sex in 1 to 15 years old

children.
Age Vaccinated children (male) Vaccinated children (female) Non-vaccinated
Sero Sero Sero +ve Sero Sero - Sero +ve Equivocal
(Years) e ve %) +ve ve %) Male Female
1 12 9 57.14 18 9 66.66 3 3
2 30 12 71.42 6 12 33.3 - -
3 45 9 83.33 21 6 77.8 3 - M-3, F-3
4 42 6 87.5 24 6 80 6
5 30 3 90.90 18 - 100 3 3
6 21 - 100 15 9 62.5 9 -
7 33 100 33 3 91.66 3 3 F-3
8 30 - 100 18 - 100 - -
9 39 3 92.85 12 - 100 - 3 F-3
10 48 12 80 15 15 50 -
11 39 6 86.7 27 - 100 - -
12 66 3 95.7 21 3 87.5 - -
13 18 - 100 12 3 80 - -
14 15 - 100 3 - 100 - -
15 27 6 81.8 3 - 100 - -
Total 495 69 87.76 246 66 78.84 21 (2.26%) 18 (1.94%) 12 (1.3%)
Table 3. Distribution and prevalence of measles IgG antibodies according to sex in different age groups.
Age Vaccinated children (male) Vaccinated children (female) Non-vaccinated
groups Equivocal
Sero+ (%) Sero- (%) No. Sero+ (%) Sero- (%) No. Male Female
(Years)
1-5 159 (80) 39 (19.69) 198 87 (72.5) 33 (27.5) 120 9 12 M-3, F-3
6-10 171 (92) 15 (8.0) 186 93 (77.5) 27 (22.5) 120 12 6 F-6
11-15 165 (88.7) 15(8.33) 180 66 (91.66) 6 (8.3) 72 - -
Total 495 69 564 246 66 12 21(2.26) 18(1.94) 12(1.3)
group of female children, measles IgG antibodies titer DISCUSSION

was less than male children, except third group in which
female contain 91.66% and male children contain 88.7%,
respectively. As age increases the sero-positive
antibodies percentage also increased. Sero-negative
percentage decreased as age increased in Table 3 and
Figure 1, distribution and prevalence of measles IgG
antibodies according to sex are given which shows that
sero-prevalence measles antibodies ratio is higher in
male children as compared to female and sero-negative
was also higher in female than male children.

This serological study examined the prevalence of
measles antibodies in vaccinated/non-vaccinated children
and teenagers following the national measles vaccination
program in Pakistan which used a one-dose regimen.
Measles is a highly infectious and contagious disease but
can be prevented by vaccination. Despite achieving more
than 80% immunization since 1998, every year
immunization schedules are organized by Expanded
Program on Immunization (EPI), Ministry of Health
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Table 4. Prevalence of measles IgG antibodies in different age groups.

Test results

Characteristic

Total no. Non-vaccinated children (%)

Sero +ve Sero —-ve Equivocal
age gro ears n =927 N =39
ge group (years) No. (%) No. (%) ( ) ( )
1-5 246 (72.6 72 (22.64) 318 (100) 21
6-10 264 (81.5) 42 (13.72) 306 (100) 18 12 (1.30)
11-15 231 (91.7) 21 (8.3) 252 (100)
Total 741 135 876 39 12
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Figure 1. Distribution and prevalence of measles IgG antibodies according to sex in different age groups.

(MOH), Pakistan but incidence of measles has been
reported every year. Vaccination against measles,
poliomyelitis, diphtheria, pertusis and tetanus, are being
provided free of cost to all infants through the EPI/MOH,
Government of Pakistan. It has been reported that
cellular and humoral responses are involved in immunity
to measles virus (Bellini et al., 1981; UytdeHaag et al.,
1994; van Binnendijk et al., 1992, 1993). This survey was
conducted for the first time since vaccination of measles
started by EPI in wide range of age groups. A few studies
were carried out in Pakistan but their approach was in
children up to 1 to 3 years of age and in one from 3to 5
years (reference). The present study was conducted in
the age group of 1 to 15 years considering the possible
association between age, sex, and immunological
responses to measles vaccine.

In this study, we analyzed 927 samples, out of these
588 male, and 339 were female children (p = 0.001); out

of 927 subjects, 741 (79.9%) were sero-positive, 174
(18.77%) sero-negative (135 (14.5%) were vaccinated,
39 (4.2%) were non-vaccinated and 12 (1.3%) equivocal
(Tables 1 and 2). The results revealed that vaccinated
sero-negative and non-vaccinated children percentage
was alarming in the capital city and its rural areas
because of vaccine failure or non-immunization of the
children due to negligence of parents.

The results of Tables 2 to 4 indicated that as age
increased, the percentage of sero-positive samples also
increased in both male and female sex, except the ages
two and ten years in which female, 33 and 50%
respectively. Sero-positive prevalence also decreased at
the age of two and ten years in male children which
contain 71.42 and 80%, respectively. The main objective
of our study was to detect antibody level in different age
groups as mentioned in Tables 3 and 4. As age increases,
both in male and female, the percentage of antibody level



also increases. In the first group, there is 72.6%, in the
second group antibodies level increased up to 81.48%
and in third group, it is 91.7%; in contrary, as age
increases the sero-negative antibody level decreases.
The increasing antibody level by age factor was
supported by many researchers as in Korean children
(Kim et al., 2004); age group formed (1 to 3 years)
antibody level was 78.6%, 4 to 6 years group was 87.4%
which is increasing gradually 7 to 9, 10 to 12, and 13 to
15 years, increasing percentage of antibody level as 87.6,
92.7 and 93.9%, respectively.

The increasing antibody titer with age is also reported
by Salmaso et al. (2000) and WHO Report (2000) in
Italian children, the antibody percentage in group 2 to 4
years was 68.1%, 70.7% in 5 to 9 years, old children and
68.5% in 15 to 19 years (adolescent group). These type
of studies were also carried out by Gilbert et al. (2001) in
Australian children in pre-school children (2 to 5 years),
sero-positive level was recorded as 82%, in primary
school level children, 84% and at secondary level
children 89%, which are lower as compared to our
findings in 11 to 15 years, antibody level was 91.7%
which is not statistically significant. The increasing
prevalence of measles antibodies in the older children
may be due to either vaccination or exposure to natural
measles infection/ mature immune system.

Another study that also supported our findings was
carried out in Ireland by Johnson et al. (1995) in 11 to 14
years age group, in which antibody level detected was
95% which is in line with our findings in which third group
contain 91.7%. He also observed that the level of
immunity to measles increased with age reaching up to
95% by 14 years of age, 7% of 13 to 16 years old
children were found not to have measles antibody, this
also correlates with our results as negative percentage of
11 to 15 years age groups. In Iran, Karimi et al. (2004)
found that sero-prevalence in 15 years old children was
96.8%.

Another main indicator in our objective of study was
comparison of male and female prevalence of antibody
level. There was much more difference in first two groups,
as mentioned in Table 3 (1 to 5 and 6 to 10 years). In the
first group, male children measles antibody level was
80% while in female children it was 72.5%, while sero-
negative male children 19% and female 27.5%. As in
primary school level children, sero-positive level of male
children were higher 92% than female children 77.5%,
and sero-negative was also less in male than female
children, which was above double figures, that is, in male
8.0% and in female 22.5%. Interestingly, there was
slightly difference in adolescent group (11 to 15 years)
having sero-positive percentage of 88.7% in male and
91.6% in female, and sero-negative antibody prevalence
was the same in both gender which was 8.33%,
respectively. Our findings were correlated to the findings
of Kim et al. (2004), who observed that in Korea male,
sero-prevalence is higher as compared to female children
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in age group 7 to 9 years (male 92.1% and female
81.2%). However, Tayil et al. (1998) reported higher
percentage of antibodies in female (87.6%) than that of
male children (85.0%). Other researchers explained that
there was no significant difference between male and
female sero-prevalence antibodies. Gilbert et al. (2001)
explained that in Australian children, the age specific
sero-positive prevalence against measles reached 50%
in male at the age of one year and in female 60%
positivity. The same results were achieved by WHO
(2000), that there is no difference in antibody titer
between males and females. Elimination of measles can
only be achieved if is below levels that can sustain
transmission of measles. The WHO has set targets for
the elimination of measles. For the age group of 0 to 4
years, the susceptibility target set to 15% or less, for 5 to
9 years to 10% or less, and for the older age groups to
5% or less. The WHO states that these goals only can be
achieved through a two dose measles vaccination
schedule with minimally 95% coverage for both doses. In
Pakistan, we are far below the target vaccine coverage
80% for one dose vaccination. In this study, the
prevalence of susceptibility found in Islamabad area
exceeded the target level for 1 to 5 years old children
(27.4%), 6 to 10 years old (18.5%), and 11 to 15 years
old (8.3%).

Conclusions

Average sero-positive prevalence for measles vaccine in
male children is higher than female children, and
antibody titre increased with increase in age, and sero-
negative decreased up to 15 years age (as our study
designed). Sero-positive ratio increased with increasing
age groups such as 72.6, 81.5 and 91.6% were observed
in group one (1 to 5 years), group two (6 to 10) and group
three (10 to 15 years), respectively. It is recommended
that sero-surveillances should be conducted at regional
and provincial levels to assess the actual level of
protective titre throughout the country and to evaluate
country vaccination program. The susceptibility profile for
a particular country can be estimated from vaccination
coverage and disease incidence data, but the most direct
evidence comes from seroprevalence studies (Gay,
2000).

The increase in routine coverage of immunization from
80 to 100% will help reduce the sero-negative ratio in
children. It has been reported that different countries
applied different strategies for interruption of measles
transmission. Most industrialized countries use a two-
dose schedule, second dose during earlier or later
childhood to compensate for primary vaccine failure after
first dose. Although, the conclusions outlined here were
based on a restricted number of samples, they have
provided us some baseline data of prevalence of
antibody levels in vaccinated/unvaccinated children with
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a single-dose vaccination schedule. The information
obtained from this study will be useful in future years to
evaluate and compare immune status.
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