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MEASLES VACCINATION: COMPARING TWO COHORTS
WITH DIFFERENT IMMUNIZATION SCHEDULES
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Although measles vaccine was introduced long time ago, measles remains an important public
health problem. Achieving the goal of measles elimination can not be done without understanding
the complex process of post-vaccination elicited antibody and the persistence of antibody. The
aim of this research is to evaluate the immune status of children in primary schools in Saudi
Arabia and the effect of previous vaccination policies. During MMR (Measles Mumps, Rubella)
campaign blood samples were collected before and one month after giving MMR from children in
the 1st and 6th grades. Blood samples were assessed for measles antibody. Results showed that
children in the 6th grade had a significant higher measles antibody before the campaign compared
to children in the 1st grade. Also, children vaccinated previously with one dose of MMR after the
age of 12 months showed the highest mean measles antibody compared to children vaccinated
with two-dose (one <12 months & 2nd >12 months) or with one dose before the age of 12 months.
Seroconversion after vaccination should not considered the main methods of evaluating any
immunization policy but follow up should be a part of any evaluation.
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Introduction

Life attenuated measles vaccines have
dramatically reduced measles morbidity and
mortality. In early years of introducing vaccination
and with one measles injection and adequate
coverage, some countries including Saudi Arabia,
have reduced morbidity and mortality due to
measles. In Saudi Arabia, the overall impact of onedose schedule was not satisfactory. Although a
substantial of cases were occurring in children
younger than 9 months, measles infection was
shifted to older age groups and a big proportion of
cases occurred in vaccinated children (1). Follow-up
study for measles maternal antibody at that time,
showed that 33% at 6 months and 36% at 9 months
of age were negative for measles maternal antibody.
Seroconversion after Schwartz measles vaccine at 9
months was only 65% (2). Accordingly in 1991,
measles immunization schedule was changed to twodose schedule using standard dose of EdmonstonZagreb (E-Z) at 6 months and MMR at 12 months of
age. This change was supported by serological
studies (3,4).
It should be noted that, even with very high
immunization coverage (95%), susceptibles will
continue to accumulate fairly rapidly as measles
vaccine is not 100% effective. Also, it is known that
disappearance of circulating wild measles virus can
play an important role on decreasing postvaccination protective levels (5). The impact of
implementing the two-dose schedule and
maintaining a high coverage of >90% was reflected
on the epidemiological pattern of measles in Saudi
Arabia. The percentage of cases among children
over 15 years old increased from 10% in 1987 to
more than 40% in 1997, while the percentage of
cases among 1-4 years group dropped by 20% (6),
The same surveillance data showed that 50% of
measles cases in the 1-4 years group were in
vaccinated children compared to 20-40% in 5-14
year age group and 13% above 15 years. The overall
incidence reduced from 44/100 000 population in
1990 to 21/100 000 in 1997, but 54% of all measles
cases occurred in primary school children (6-12
years) and 14% in intermediate and secondary
schools (12-18 years of age ).
As a result, Saudi Arabia decided to start a
national program for measles elimination, which
includes mass vaccination campaign for school
children. The main objective of the campaign was to
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prevent predicted measles epidemic in the school age
children by vaccinating children who did not have
vaccination and those with primary or possible
secondary vaccine failure (7). Secondary vaccine
failure may responsible for disease in sero-converted
individuals, evidence suggests that many more
vaccines who are protected against the disease may
not be fully protected against virus infection (8).
As a part of the evaluation of this campaign,
safety and immunogenicity studies were done. The
aim of this paper is to evaluate the pre-campaign
status of measles antibody according to previous
measles vaccination history.
Methods
Overall design:
This is a follow up study to evaluate
immunogenicity of MMR vaccine given to
schoolchildren from 1st grade primary to 6th grade
intermediate schools. This study was done during the
second phase of MMR campaign conducted during
January-February 2000 and targeted Primary school
children and the first grade of intermediate school
(2,496,613 children). In a multi-stage sampling
technique, 8 cities were selected from the kingdom
in the first stage, (Makkah and Madinah in the west,
Buraidah and Oneza in the center, Algatif and AlHofof in the east, and Khamis Mushait and
Belgurashi in the south). In the second stage, 20
primary schools (10 male and 10 female schools)
were selected randomly from each of the 8 cities. In
the third stage, 3 children from the 1st grade and 3
from the 6th grade primary schools were recruited
randomly after taking parent consent. So, 120
children were recruited from each city making a total
of 960 children. 54 from the 1st grade and 96 from
the 6th grade.. Children the 1st grade were previously
vaccinated with Edmonston-Zagreb (E-Z) measles
mono vaccine at 6 months and MMR at 12 months
of age. While children in the 6th grade were
vaccinated with different schedules, ranging from
mono schwartz measles vaccine below one year , to
two-dose schedule at different ages.
Serology:
A sub-sample of 150 children was selected
randomly to send their sample to a reference lab in
Germany (National Reference Center ,measles,
mumps, rubella, Robert Koch Institute, Nordufer 20,
13353 Berlin) as a pre and post vaccination.

MEASLES VACCINATION
Blood sample were collected before and one
month after giving MMR vaccine in the campaign.
Enzyme Immuno Assay (EIA) was used to assess the
level of measles antibody. Plaque Neutralization
Test (PNT) was used as a backup test for negative
and equivocal samples. Table 1, shows the cut-off
values and results interpretation.
Statistical analysis:
Data were entered directly in the lab in Excel
format and was analyzed by SPSS V10. T-test and
Analysis of Variance (ANOVA) were used to test
the difference of means of antibody titer in different
groups while Chi-square was used for qualitative
comparison of data.
Results
Pre-campaign measles antibody is significantly
higher in 6th grade children compared to 1st grade
children, (p=0.0001) table 2. Also, Children with
positive pre-campaign measles antibody by EIA is
significantly higher in the 6th grade, 84.3%,
compared to 1st grade, 40.7% , (p=0.0001). This
was reflected on seroconversion or booster reaction
rate, where after campaign 79.6% converted in 1st
grade compared to only 31% in the 6th grade,
(p=0.0001) table 3.
Different vaccination schedules in the 6th grade:
children vaccinated with one MMR after the age of
12 months have the highest pre-campaign measles
antibody, 3.69±4.95 IU/ml compared to children
vaccinated with one dose <12 months or one less and
the 2nd >12 months, 1.76±2.1 IU/ml (p=0.012)..
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Table 1. The cut-off values for measles and the
interpretation of laboratory tests.
Methods for
Enzyme Immuno
Plaque
antibody
Assay (EIA)
Neutralization Test
detection
(PNT)
©
Producer/Product
Behring/Enzygnost
In-house assay
Standardization by International Standard Sera (IS)
Evaluation
Negative ab value OD <0.100#
Titre <1:1.0
Positive ab value
OD >0.200
Titre ≥ 1:2.0
Measles ≥ 0.35 IU/ml
Measles ≥ 0.04
IU/ml
Seroconversion
Booster reaction

OD :optical density ; ab: antibodies
# 0.100-0.200= retest-equivocal results

Table 2. Qualitative and quantitative comparison of
measles antibody by Grade.
TEST
1st
GRADE

+
?
GMT

th

6
GRADE
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Vaccination

p-value

PRE

POST

22/54
22/54
10/54
167 m IU/ml

53/54
1/54

0.0001

2040 m IU/ml

0.0001

53/54
1/54

54/54

0.5

81/96
13/96
2/96
1071 m IU/
ml

95/96
1/96

0.001

2773 m IU/ml

0.001

96/96

0.364

EIA

Final*
+
EIA
+
?
GMT

Discussion
High post vaccination and the persistence of
antibody is the result of a complex process where
age at vaccination, number of doses, strain of
vaccine, prevalence of wild virus and coverage rate
can contributes to the response and the persistence of
post vaccination antibody.
Higher prevaccination titer at 6th grade (12 years
of age) ,in our study, compared to prevaccination
titer in the 1st grade at the age of 6 years is an
interesting phenomena which needs an explanations
although they are two different cohort.
Immunogenicity studies were done for children
vaccinated with E-Z at 6 months and MMR at 12
months and showed a 100% protection after MMR
at 12 months (9).

Change from negative to positive ab value
A significant increase of the pre-vaccination
ab for EIA-value by factor 2

Final
+
?

94/96
1
1

Table 3. Proportion of children with seroconversion after
MMR campaign (by EIA).
Conversion
Total
% Converted
Number
Total
P=0.0001

Grade

Total

1ST

6th

79.6%
43
54

31%
30
96

*

48.6%
73
150

166
Seroassay for that study was done in the same
reference lab for this study. In fact there is no
contradiction about the proportion of children with
protective level. It is the lower GMT , but not the
proportion of children with protective level.
Surveillance study shows that although the overall
incidence of measles is markedly decreasing,
proportion of cases is more in pre-school age , 1-5
years which supports our serological data (6).
Comparing children in 1st and 6th grade is difficult
because they are two different cohorts, exposed two
different groups of factors.
Different vaccination schedule was not the only
important factor but exposure to circulating natural
infection is more important in our opinion. 6the
grade children were exposed more to natural
infection, which boosted their measles antibody.
This phenomenon of natural exposure was noticed in
age-stratified seroprevalence study for measles,
mumps and rubella, where antibodies against the
three viruses increased during adolescence due to
wild virus circulation (5). Sites with higher
vaccination rate sometimes shows a lower
seroprevalence rate than sites with lower vaccination
rate and this may be explained also by the decrease
exposure to the wild virus (10).
Regarding the immunogenic response, two-dose
schedule is not always superior to mono-dose
measles schedule. In fact , some studies showed that
the reverse is true where one dose schedule may
produce higher GMT than two dose schedule. One
measles vaccine at the age of 9 months produced
higher GMT than children vaccinated with twodoses at the age of 6 and 9 months. The second dose
may result even in a lower post vaccination titer
(11). In turkey, one dose of MMR at the age of 12
months was more immunogenic and efficacious than
two-doses of measles given at 9 months and 15
months (12). This is also evident in our study where
the 6th grade children vaccinated with one MMR
after the age of 12 months showed the highest level
of persistent antibody level at the age of 12 years
before the campaign compared children previously
vaccinated with one monovalent measles vaccine
followed by one MMR vaccine. Age at first dose
should be taken in consideration as induction of
vaccine-mediated infant protection is directly
correlated with the progressive maturation of their
immune system. IgG and IgA responses to viral
infection remain weak in the first 12 months of age
(13). Age dependent increase in seroconversion after
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measles immunization was documented in many
studies (14). Another limitation of antibody elicited
in response to vaccines below 12 months of age, is
its short duration. Secondary vaccine failure occurs
significantly in teenagers immunized before the age
of 15 months (15).
Although our study showed that single dose
given > 12 months of age may be superior to other
vaccination schedules, this does not mean that we
should go back to single dose schedule. Shifting the
first immunization dose to higher age and to increase
the interval between the first and second dose may
be the logic policy in the next few years.
In vaccine trials, the seroconversion rate is
considered as the criterion of efficacy but post
vaccination level of antibody and low responder rate
should be also considered when evaluating or
comparing vaccination policy. Vaccinees that are
protected against the disease may not be fully
protected against viral infection or even they can
develop a secondary vaccine failure. A booster is
necessary for an adequate immunization either
through re-immunization or to natural exposure and
this supports the need for campaigns.
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