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Acute measles is normally a mild disease in 
children and young adults caused by infection 

with a highly contagious measles virus.1 On the 
basis of World Health Organization (WHO) / United 
Nations Childrenʼs Fund (UNICEF) estimates, global 
routine measles vaccination coverage rate among 
one- year-old infants increased from 71-77% between 
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1999 and 2004.  In the year 2003, a total of 164 (85%) 
countries offered children a second measles booster 
dose, compared with 150 (78%) countries in 2001.2

Endemic measles has been successfully controlled in 
Americas and to a lesser extent in Europe by giving 
2 doses of measles-containing vaccine.3. In some 
industrialized countries, where vaccine uptake is poor, 

Objectives:  To evaluate the adequacy of measles, mumps 
and rubella (MMR) vaccination among children and to 
assess risk of outbreak in Jeddah, Kingdom of Saudi Arabia 
(KSA).

Methods:  We recruited a total of 527 children from schools 
located at different urban regions, and preschool children 
from those attending the well baby clinics in Jeddah, KSA. 
We tested for MMR viruses  ̓ antibodies using ELISA 
technique. 

Results: Approximately 99% of children received MMR 
vaccine. Overall seropositivity for measles antibodies was 
71%, mumps 65% and rubella 90%, which were elevated 
in vaccinated versus non-vaccinated children (pin vaccinated versus non-vaccinated children (pin vaccinated versus non-vaccinated children ( <0.000). 
In vaccinated children, percentage of seropositivity for 
MMR was higher in public school children versus private 
(p(p( <0.01) or those who did not attend school (p<0.01) or those who did not attend school (p<0.01) or those who did not attend school ( <0.01) and in 
Saudi versus non-Saudi children (pSaudi versus non-Saudi children (pSaudi versus non-Saudi children ( <0.000). In vaccinated 
children, percentage of seropositivity obtained according 
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to age groups of 4-6 years for measles was 73.7%, for 
mumps 66.7% and for rubella 91.7%.  As for 7-11 years age 
group, seropositivity for measles was 72.6%, for mumps 
68.1% and for rubella 93%, while for the 12-14 years, 
seropositivity for measles was 66.4%, mumps 59.1% and 
for rubella 86.1%. The prevalence of seropositivity against 
the above-mentioned viruses decreased with progression 
of age. 

Conclusion: Measles, mumps and rubella mass vaccination 
program achieved high coverage rate among children, in 
Jeddah, KSA. However, there is still a high level of sera 
negative children among vaccinated ones for measles 
and mumps. Seropositivity decreased with age, which 
might raise possibility of outbreaks among adolescent. 
Additional doses of vaccine against measles and mumps 
are recommended and evaluation of new MMR protocol 
should be made.
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as in Japan3 and in developing countries2 the disease 
is still a signifi cant cause of morbidity and mortality. 
Vaccine response failure is primary due to host 
reaction, which may, in part, be genetic in origin and 
related to human leukocyte antigen type.3 Therefore, a 
2-dose vaccine schedule has been introduced in many 
countries, the aim is to improve vaccine coverage 
and to prevent accumulation of susceptible persons, 
which may prevent periodic outbreaks.4

Serosurveys to assess mumps immunity was 
conducted in a number of countries prior to 
introduction of vaccine.  Data from England and Wales, 
Netherlands, Singapore5 and St. Lucia6 document a 
steep increase in mumps antibody level from age 2–3 
years; 50% of children aged 4-5 years had acquired 
natural antibodies; and 90% of the population aged 
14–15 years was seropositive. The situation in other 
countries is different, with a large proportion of adults 
remaining susceptible to infection, such as Saudi 
Arabia7 and Poland.8 Mumps virus outbreaks have 
not been completely eliminated, even in vaccinated 
populations.9 Mumps virus infections in vaccinees 
are due to either infection with a wild-type of virus 
following primary vaccine failure10 or inoculation with 
a relatively neurovirulent mumps virus vaccine.11

The important tool to assess risk for disease 
outbreaks is by knowing the prevalence of MMR 
susceptibility as measured, either by serologic 
markers of immunity or by surveys of vaccination 
coverage. In the present work the prevalence of anti-
measles, anti-mumps and anti-rubella antibodies 
among school aged children in Jeddah, Saudi 
Arabia was investigated. The chief objective was to 
make an empirical evaluation of the need for mass 
immunization, including a third compulsory dose of 
measles, mumps and rubella (MMR) vaccine in order 
to control and eliminate MMR infection in Saudi 
Arabia. 

Methods.   We randomly recruited children from 
kindergarten, primary, elementary, secondary schools 
located at different urban regions and preschool 
children who attended the well baby clinic, in Jeddah, 
Saudi Arabia during the year 2004. Blood samples 
(3 ml) were obtained by venous puncture from 527 
healthy school aged children (285 males and 242 
females); aged 4-14 years (8.90 ± 3.34 years). The 
samples were centrifuged and sera were frozen at 
–20° until the serological analysis was performed. All 
subjects were in a good state of health. The study was 
approved by the Medical Ethics Committee of King 
Abdul-Aziz University, Jeddah, Saudi Arabia.

For each participant, a questionnaire was 
completed by the students themselves or the helpers 

in the school. It included demographic information 
including name, age, gender, and nationality, type 
of school and vaccination state.  The immunization 
status of the study subjects was verifi ed from their 
vaccination records. The vaccination schedule against 
measles employed in this study was 1st dose of st dose of st
measles vaccine alone at 6 months and another dose 
at 12 months by combined MMR vaccine.

Measles immunoglobulin G (IgG) antibodies were 
determined using enzyme link immunosorbent assay 
(ELISA) kit (series # 9Z9271G) supplied by Zeus 
Scientifi c, Inc. (New Jersey, USA). The specifi city of 
the kit was 93.3% while sensitivity was 97.4%. An 
optic density (OD) ratio ≥1.1 is interpreted as positive 
while value ≤0.9 is interpreted as negative for IgG 
measles. Specimens with ratio value in the equivocal 
range were considered borderline for IgG to measles 
and were retested. 

Mumps IgG antibodies were determined by ELISA 
kits (DSL-05-10-MuGi) supplied by Diagnostic 
System Laboratories, Inc. (Texas, USA). The 
sensitivity of the kit was 99.1% while the specifi city 
was 94.1%. The sample would be considered positive 
if the odds ratio was >1.1, doubtful or equivocal if 
results were ±10% of the cutoff and negative if the 
odds ratio was ≤0.9.

Rubella IgG antibodies were determined using 
Bioelisa Rubella IgG kits (COD # 3000-1215) 
supplied by BioKit (Barcelona, Spain). The person 
is considered non-immune if the concentration of 
antibodies was <10 IU/ml and is considered immune 
when the concentration of antibodies was ≥10 IU/
ml.  

Statistical analysis. Data were analyzed using 
the Statistical Package for Social Sciences software, 
version 10. The percentages of positive, negative 
and equivocal sera were calculated according to age, 
gender, type of school and nationality. The prevalence 
among different groups was compared using the chi-
square test. A p<0.05 was considered statistically 
signifi cant.

Results. This seroepidemiological study for 
MMR, showed that the overall seropositive rate 
was 71% for measles, 65% for mumps and 90% for 
rubella, while seronegative rate was 28% for measles, 
32% for mumps and 10% for rubella; and equivocal 
rate of 1% for measles, 3% for mumps and 0% for 
rubella. The seropositivity against MMR antibodies 
was signifi cantly elevated in vaccinated children 
compared to non-vaccinated ones (pcompared to non-vaccinated ones (pcompared to non-vaccinated ones ( <0.000 for all) 
(Table 1).

Table 2 showed the overall prevalence of anti-
measles, anti-mumps and anti-rubella antibodies in 
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Table1 - Prevalence of antibodies against measles, mumps and rubella in school-aged children (n=527) in Jeddah, 
Saudi Arabia grouped according to their vaccination status.

Variable Seropositive  Equivocal Seronegative 

n (%) n (%) n (%)

Measles

   Vaccinated (n=523), % to vaccine 373  (71)   5 (1) 145  (28)

   Non-vaccinated (n=4), % to vaccine    2 (50)   0 (0) 2 (50)

   p-value p<0.000 - p<0.000

Total (n=527), (%) 375 (71)   5 (1) 147  (28)

Mumps

   Vaccinated (n=522), % to vaccine 341 (65) 15  (3) 166  (32)

   Non-vaccinated (n=5), % to vaccine    1 (20)   0  (0) 4  (80)

   p-value p<0.000 - p<0.000

Total (n=527) 342 (65) 15 (3) 170  (32)

Rubella

   Vaccinated (n=522), % to vaccine 474 (91)   0  (0) 48    (9)

   Non-vaccinated (n=5), % to vaccine     2 (40)   0  (0) 3 (60) 

   p-value p<0.000 - p<0.000

Total (n=527) 476 (90)   0  (0) 51  (10)

vaccinated and non-vaccinated children grouped 
according to gender, nationality and type of school 
attended. In vaccinated children, the percentage of 
seropositivity for MMR antibodies was higher in 
public school children than in  private  school children 
or those who did not attend school (por those who did not attend school (por those who did not attend school ( <0.000 for all) 
and in Saudi compared to non-Saudi children (measles 
p<0.01,  mumps p<0.01 and rubella p<0.000).  

In the 4-6 year age group, all the recruited 
children were vaccinated. The overall anti-measles 
seropositivity rate was 73.7%, anti-mumps was 66.7% 
and anti-rubella antibodies was 91.7%; seronegativity 
rate for measles was 25%, mumps 30.8% and 8.3% 
for rubella; and equivocal rate was 1.3% for measles, 
2.6% for mumps and 0% for rubella. The prevalence 
of seropositivity was signifi cantly higher in males 
compared to females (pcompared to females (pcompared to females ( <0.001 for measles, p<0.01 
for mumps, p<0.01 for rubella). The percentage of 
seropositivity for measles and rubella antibodies was 
higher in children who did not go to school (phigher in children who did not go to school (phigher in children who did not go to school ( <0.01, 
p<0.000) compared to those who attended private and 
public schools, while the percentage of seropositivity 
for mumps antibodies did not show any difference 
regarding the type of school (Table 3). 

In the 7-11 year age group, most of the children 
enrolled were vaccinated and few of them were not. 
In vaccinated children seropositivity for measles 
was 72.6%, 68.1% for mumps and for rubella 93%, 
seronegativity for measles was 27.4%, 29.3% for 

mumps, and 7% for rubella while the equivocal rate 
was 0% for measles, 2.6% for mumps, and 0% for 
rubella. The percentage of seropositivity against 
MMR was higher in children attending public schools 
compared to those who attended private schools and 
those who did not attend schools  (pthose who did not attend schools  (pthose who did not attend schools  ( <0.000 for all). 
The percentage of seropositivity against measles and 
rubella was signifi cantly higher in Saudi compared to 
non-Saudi children (pnon-Saudi children (pnon-Saudi children ( <0.05 for both) (Table 3). 

In the 12-14 year age group, seropositivity rate for 
measles was 66.4%, 59.1% for mumps and 86.1% for 
rubella, seronegativity rate was 31.4% for measles, 
37.2% for mumps, and 13.9% for rubella, and 
equivocal rate was 2.2% for measles, 3.6% for mumps 
and 0% for rubella. The percentage of seropositivity 
for measles, mumps and rubella was higher in Saudi 
compared to non-Saudi children (measles p<0.001, 
mumps p<0.000, rubella p<0.000). The percentage 
of seropositivity  against measles was signifi cantly 
higher in  public school children compared to private 
school children and children who did not attend 
school (pschool (pschool ( <0.000) and the percentage of seropositivity 
against mumps was higher in females compared to 
males (pmales (pmales ( <0.05)  (Table 3).

Discussion.  In the establishment of the 
vaccination programmes, post-implementation 
surveillance is necessary to monitor the effectiveness 
of the programme.12 The incidence rate of measles 
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Table 3 -  Prevalence of seropositivity against measles, mumps and rubella in vaccinated children aged 4-6 (n=156), 7-11 (n=233) and 12-14 (n=138) 
years in Jeddah, Saudi Arabia grouped according to gender, type of school and nationality.

Variable Gender p-value School p-value Nationality p-value Total

Males 
(n=98)

Females 
(n=58)

Private 
(n=41)

Public 
(n=39)

No 
School 
(n=76)

Saudi 
(n=73)

Non-
Saudi 
(n=83)

(n=156)

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Measles virus
4-6 years (n=156)
7-11 years (n=233)
12-14 years (n=138)

Mumps virus
4-6 years (n=156)
7-11 years (n=233)
12-14 years (n=138)

Rubella
4-6 years (n=156)
7-11 years (n=233)
12-14 years (n=138)

76 (48.7)
82 (35.7)
40  (29.2)

67  (42.9)
78  (34.1)
31  (22.6)

  88  (56.4)
106  (46.3)
 58  (42.3)

 39 (25)
 85 (37) 

    51 (37.2)

  37 (23.7)
  78 (34.1)
  50 (36.5)

  55  (35.3)
107  (46.7)
  60  (43.8)

<0.001
>0.05
>0.05

<0.01
>0.05
<0.05

<0.01
>0.05
>0.05

30 (19.2)
44 (19.1)
42 (30.7)

31 (19.9)
43 (18.8)
41 (29.9)

36 (23.1)
57 (24.9)
54 (39.4)

  30 (19.2)
121 (52.6)

48 (35)

  28 (17.9)
111 (48.5)
  40 (29.2)

  37 (23.7)
154 (67.2)
  64 (46.7)

55 (35.5)
  2  (0.9)
  1   (0.7)

45 (28.8)
  2   (0.9)

-

70 (44.9)
  2   (0.9)

-

<0.01
<0.000
<0.000

>0.05
<0.000
>0.05

<0.000
<0.000
>0.05

55 (35.3)
97 (42.2)
61 (44.5)

51 (32.7)
89 (38.9)
57 (41.6)

   69 (44.2)
 124 (54.1)
   82 (59.9)

60 (38.5)
70 (30.4)
30 (21.9)

53 (34)
67 (29.3)
24 (17.5)

74 (47.4)
89 (38.9)
36 (26.3)

>0.05
<0.05
<0.001

>0.05
>0.05
<0.000

>0.05
<0.05
<0.000

115 (73.7)
167 (72.6)
  91 (66.4)

104 (66.7)
156 (68.1)
  81 (59.1)

143 (91.7)
213 (93) 

 118 (86.1)

Data are represented  by number (%) to total number.

Table 2 - Prevalence of antibodies against measles, mumps and rubella in vaccinated and non-vaccinated children (n=527) in Jeddah, Saudi Arabia 
grouped according to gender, type of school and nationality.

Variable Gender p-value Schools p-value Nationality p-value Total

 Male
(n=285) 

Female
(n=242)

Private
(n=161)

Public
(n=287)

No 
school 
(n =79)

Saudi
(n=298)

Non- 
Saudi

(n=229)

(n=527)

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Measles
Vaccinated (n=523)

Seropositive
Equivocal
Seronegative

Non-vaccinated (n=4)
Seropositive
Equivocal
Seronegative

Mumps
Vaccinated (n=522)

Seropositive
Equivocal
Seronegative

Non-vaccinated (n=5)
Seropositive
Equivocal
Seronegative

Rubella
Vaccinated (n=522)

Seropositive
Equivocal
Seronegative

Non-vaccinated (n=5)
Seropositive
Equivocal
Seronegative

198 (38)
    2   (0.4)
  82 (16)

    1 (25)
    0   (0)
    2 (50)

176 (33)
    6   (1)
  99 (19)

    1 (20)
    0   (0)
    3 (60)

252 (48)
    0   (0)
  29   (6)

    1  (20)
    0    (0)
    3  (60)

175 (33)
    3   (0.6)
  63 (12)

    1 (25)
    0   (0)
    0   (0)

165 (32)
    9   (2)
  67 (13)

    0   (0)
    0   (0)
    1 (20)

222 (43)
    0   (0)
  19   (3)

    1 (20)
    0   (0)
    0   (0)

p>0.05
p>0.05
p>0.05

p>0.05
-
-

p>0.05
p>0.05
p<0.05

-
-

p>0.05

p>0.05
-

p>0.05

p>0.05
-
-

116 (22)
    3   (0.6)
  40   (8)

    0   (0)
    0   (0)
    2 (50)

115 (22)
    6   (1.1)
  38   (7)

    0   (0)
    0   (0)
    2 (40)

147 (28)
    0   (0)
  12   (2)

    0   (0)
    0   (0)
    2 (40)

199 (38)
    1   (0.2)
  85 (16)

    2 (50)
    0   (0)
    0   (0)

179 (34)
    7   (1.3)
  98 (19)

    1 (20)
    0   (0)
    2 (40)

255 (49)
    0   (0)
  29   (6)

    2 (40)
    0   (0)
    1 (20)

58 (11)
  1   (0.2)
20   (4)

  0   (0)
  0   (0)
  0   (0)

47   (9)
  2   (0.4)
30   (6)

  0   (0)
  0   (0)
  0   (0)

72 (14)
  0   (0)
  7   (1)

  0   (0)
  0   (0)
  0   (0)

p<0.000
p>0.05
p<0.000

-
-
-

p<0.000
p>0.05
p<0.000

-
-

p>0.05

p<0.000
-

p<0.000

-
-

p>0.05

213 (40.5)
    3   (0.6)
  79 (15)

    1 (25)
    0   (0)
    2 (50)

197 (38)
    7   (1.3)
  91 (17)

    0   (0)
    0   (0)
    3 (60)

275 (53)
    0   (0)
  20   (4)

    1 (20)
    0   (0)
    2 (40)

160 (30.5)
    2   (0.4)
  66 (13)

    1 (25)
    0   (0)
    0   (0)

144 (28)
    8   (1.5)
  75 (14)

    1 (20)
    0   (0)
    1 (20)

199 (38)
    0   (0)
  28   (5)

    1 (20)
    0   (0)
    1 (20)

p<0.01
p>0.05
p>0.05

p>0.05
-
-

p<0.01
p>0.05
p>0.05

-
-

p>0.05

p<0.000
-

p>0.05

p>0.05
-

p>0.05

373 (71)
    5   (1)
145 (28)

    2 (50)
    0   (0)
    2 (50)

341 (65)
  15   (3)
166 (32)

    1 (20)
    0   (0)
    4 (80)

474 (91)
    0   (0)
  48   (9)

    2 (40)
    0   (0)
    3 (60)

Data are represented by number (%) to vaccine.
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in Saudi Arabia dramatically declined after the 
establishment of national vaccine programme from 
294/100,000 in the year 1978 to 48.1/100,000 in the 
year 1991.13 This study revealed that measles vaccine 
coverage was approximately 99% of the recruited 
children. However, the overall seropositivity for 
measles antibodies was 71%, which was signifi cantly 
elevated among vaccinated versus non-vaccinated 
children. It decreased by increasing the age of the 
vaccinated children. In non-vaccinated children, 
seropositivity against measles increased by age. In 
vaccinated children, we found signifi cant elevation 
of seropositivity against measles antibodies in public 
school students and Saudi children compared to 
private school students, non-school attendants and 
non-Saudi children. This high IgG seronegativity in 
vaccinated population (28%) increased the risk of 
future outbreaks of measles.  

Hegazy et al14 reported that in Al-Qassim region, 
Saudi Arabia, 26.3% of vaccinated population 
developed measles, among which 79% were more 
than 5 years of age. They compared their results with 
other countries including the United Kingdom (57%),
15 the USA (25.3%), 16 Canada (66%) and (61%),17

Tunisia (16%),18 and Hong Kong (23.6%).19 This 
could be explained either by primary vaccination 
failure attributed to persistence of maternal antibodies, 
impotent vaccine, improper vaccine storage and 
inappropriate administration techniques,20 limitation 
of the effi cacy of the vaccine for more than 12 years21

or secondary vaccination failure, which might be due 
to other reasons; such as, lack of continuous antigenic 
stimulation, because of which life long immunity is 
not produced.22 In order to decrease the number of 
susceptible individuals in the older age groups, a 
catch-up vaccination campaign covering persons 
aged 9 months to 18 years should be conducted.23

Alternatively, the outbreaks of measles could be due 
to accumulated unvaccinated cases. Studies reported 
that 3% of children who received MMR vaccine at 
12–18 months of age were seronegative after 4 years 
in the United Kingdom.24 In Canada, Boulianne et al25

reported that 3.6% and 12% of children vaccinated by 
different vaccine strains at 12–15 months of age were 
seronegative after 5–6 years.25

Data obtained from this study revealed that the 
overall percentage of seropositivity against mumps 
antibodies was 65%, which was signifi cantly higher 
among vaccinated older children. In vaccinated 
children, the seropositivity rate increased signifi cantly 
among public school attendants and Saudi children 
compared to others. Approximately 32% of the 
vaccinated children were seronegative and liable 
to outbreaks on school campus. Furthermore, if 

susceptible females are not vaccinated before marriage 
and if infection occurs early in gestation, they will be 
at risk of spontaneous abortion.26 It had been reported 
that countries implemented a one-dose schedule at 
high coverage levels reported reductions in mumps 
incidence of ≥88%, while those who implemented a 
2-dose, reported reductions in mumps incidence of 
≥97%, and several countries reached the elimination 
target of <1 mumps case per 100,000 population.7

 As observed by other studies, 28 this study showed 
faster antibody decay of mumps than that of measles. 
Relatively lower sero-prevalence against mumps 
was also observed in other countries,29,30 and lower 
vaccine-induced immunity of the Rubini strain was 
suspected to be the reason for the lagging increment 
of immunity in preschool children. 29,30

The Advisory Committee on Immunization 
Practice recommended a second MMR vaccine dose 
at the age of 4–6 years.31 In the USA, administration of 
a second dose of MMR vaccine at 4–6 years reduced 
incidence of mumps and risk of infertility caused by 
disease in boys.32

Rubella serosurveys are useful particularly to 
determine the proportion of women of childbearing 
age who are susceptible to rubella. Variation in the 
age-specifi c seroprevalence of rubella between 
countries exist.33 Considering the age-specifi c profi les 
of rubella seropositivity in some Latin American 
rural populations in the pre-vaccination era, rubella 
is predominantly a childhood disease in Brazil, 
Chile and Argentina with over 60% of seropositive 
subjects in the younger age group (5–9 years), while 
in other countries, like Panama and Trinidad, only 
approximately 10% of the children in the same age 
group were seropositive.34

We found high prevalence of seropositivity 
against rubella virus (90%), which was higher 
among vaccinated versus non-vaccinated students 
and decreased by increasing age of the students. In 
vaccinated children, the seropositivity rate increased 
signifi cantly among public schools children versus 
private school children and those who did not attend 
school, and in Saudi versus non-Saudi children. In 
non-vaccinated children, percentage of seropositivity 
increased with increasing age of children.

Data concerning persistence of antibodies after 
rubella vaccination are somewhat variable, but the 
majority of studies seem to show maintenance of 
antibodies for at least 20 years.35 Nevertheless, a 
second dose of rubella vaccine at 4–12 years of 
age is routinely recommended in many developed 
countries, primarily to immunize the few primary 
vaccine failures but secondarily to provide a booster 
to those whose titers have fallen to low levels.36
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Childhood immunization poses a risk of an increase 
in susceptibility in women of childbearing age, 
with the potential of an increased number of cases 
of congenital rubella syndrome unless at least 80% 
coverage is achieved.37

In conclusion, the results obtained from this study 
suggested a good coverage of vaccination programme 
in school aged children in Jeddah, Saudi Arabia. 
High prevalence of seronegativity against measles 
and mumps antibodies was observed by increasing 
age suggesting the possibility of outbreak of these 
diseases in the future.  It has been believed that natural 
infection confers lifelong immunity and vaccination 
also gives protection against measles transmission 
for a long time. However, vaccine induced immunity 
was signifi cantly lower than naturally acquired 
immunity. Therefore, to avoid accumulation of non-
immune individuals against measles and mumps, we 
recommend vaccination of susceptible children before 
and at school age. Also, vaccination of adolescents 
is recommended since the study demonstrated that 
37% of vaccinated students aged 12-14 years were 
seronegative. Since the strategy of MMR vaccination 
has been changed in 2002. A large scale population 
surveys after 5 and 10 years should be made in order 
to measure the reduction of the incidence of measles, 
mumps and rubella after application of the new 2 dose 
MMR vaccination strategy.

References

   1. Centers for Disease Control and Prevention. Measles, mumps, 
and rubella – vaccine use and strategies for elimination of 
measles, rubella, and congenital rubella syndrome and control 
of mumps: Recommendations of the Advisory Committee 
on Immunization Practices (ACIP). Morb Mortal Wkly Rep
1998; 47: 1–57.

  2. Centers for Disease Control and Prevention. Progress in 
Reducing Measles Mortality Worldwide, 1999-2003. Morb 
Mortal Wkly Rep 2005; 54: 200-203.

  3. Elliman D, Sengupta N. Measles. Curr Opin Infect Dis 2005; 
18: 229-234.

  4. De-Serres G, Sciberras J, Naus M, Boulianne N, Duval B, 
Rochette L. Protection after two doses of measles vaccine is 
independent of interval doses. J Infect Dis 1999; 180: 187–
190.

  5. Wagenvoort JHT, Harmsen M, Boutahar-Trouw BJ, 
Kraaijeveld CA, Winkler KC. Epidemiology of mumps in the 
Netherlands. J Hyg (Lond) 1980; 85: 313–326. 

  6. Cox MJ, Anderson RM, Bundy DA, Nokes DJ, Didier  
JM, Simmons I, et al. Seroepidemiological study of the 
transmission of the mumps virus in St. Lucia, West Indies. 
Epidemiol Infect 1989; 102: 147–160.Epidemiol Infect 1989; 102: 147–160.Epidemiol Infect

  7. Bakir TMF,   7. Bakir TMF,   7. Bakir TMF Hossain A, Ramia S, Sinha NP. Hossain A, Ramia S, Sinha NP. Hossain A, Ramia S, Sinha NP Seroepidemiology 
of mumps, measles, and subacute sclerosing panencephalitis 
in Saudi Arabia. J Trop Pediatr 1988; 34: 254–256.J Trop Pediatr 1988; 34: 254–256.J Trop Pediatr

  8. Imbs D, Loza-Tulimowska M, Rudnicka H. Occurrence of 
antibodies against mumps in the population of Poland. Przegl 
Epidemiol 1984; 38: 361–368.Epidemiol 1984; 38: 361–368.Epidemiol

  9. Centers for Disease Control. Mumps: United States. Morb 
Mortal Wkly Rep 1987; 36: 151–155.

10. Germann D, Strohle K, Eggenberger K, Steiner CE, Matter 
L. An outbreak of mumps in a population partially vaccinated 
with the Rubini strain. Scand J Infect Dis 1996; 28:235–
238.

11. Miller E, Goldacre M, Pugh S, Colville A, Farrington P, 
Flower A, et al. Risk of aseptic meningitis after measles, 
mumps and rubella vaccine in UK children. Lancet 1993; 
341: 979–982.

12. dos Santos DCM, Souto FJD, dos Santos DRL, Vitral CL, 
Gaspar AMC. Seroepidemiological markers of enterically 
transmitted viral hepatitis A and E in individuals living in a 
community located in the north area of Rio de Janeiro, RJ, 
Brazil. Mem Inst Oswaldo Cruz 2002; 97: 637-640.

13. Data compiled from published Ministry of Health yearly 
report encompassing years from 1403H to 1412H.

14. Hegazy IS, Al-Beyari TH, Al-Amri AH, Noeman SA, Qureshi 
NA, Abdelgadir MH. A seroepidemiological study of measles: 
some practical implications for measles immunization 
program, Kingdom of Saudi Arabia. Ann Saudi Med 1994; Ann Saudi Med 1994; Ann Saudi Med
14: 399-404.

15. Hicks NR. Misplaced loss of confi dence in measles 
vaccination: an investigation in a primary school. JR Coll 
Gen Pract 1989; 39: 151-152.Gen Pract 1989; 39: 151-152.Gen Pract

16. WHO. Weekly Epidemiological Records. World Health 
Organization. No. 43.26. October 1990; 334-336. Available 
at URL://www.kfshrc.edu.sa/annals/145/93167.html

17. WHO. Weekly epidemiological record. World Health 
Organization. No. 37-14 September 1990; 284-286. Available 
at URL://www.kfshrc.edu.sa/annals/145/93167.html

18. WHO. Weekly Epidemiological Records. World Health 
Organization. No.42-19. October 1990: 323-325. Available 
at URL://www.kfshrc.edu.sa/annals/145/93167.html

19. WHO. Weekly Epidemiological Record. World Health 
Organization.  No. 49-47. December 1990; 379-381. Available 
at URL://www.kfshrc.edu.sa/annals/145/93167.html

20. Markowitz LE, Preblud SR, Fine PEM, Orenstein WA. 
Duration of live measles vaccine-induced immunity. Pediatr 
Infect Dis J 1990; 9: 101-110.Infect Dis J 1990; 9: 101-110.Infect Dis J

21. Shelton JD, Jacobson JE, Orenstein WA, Schultz KF, Donnell 
HD. Measles vaccine effi cacy: infl uence of age at vaccination 
vs. duration of time since vaccination. Pediatrics 1978; 62: 
961–964.

22. Abanamy A, Khalil M, Salman H, Abdulazeem M. Measles 
vaccine failure. Ann Saudi Med 1991; 11: 311-314.Ann Saudi Med 1991; 11: 311-314.Ann Saudi Med

23. Anonymous. Measles outbreak – Romania, 1997. Morb 
Mortal Wkly Rep 1997; 46: 1159–1163.

24. Miller E, Hill A, Morgan-Capner P, Forsey T, Rush M. 
Antibodies to measles, mumps and rubella in UK children 
4 years after vaccination with different MMR vaccines. 
Vaccine 1995; 13: 799–802.

25. Boulianne N, De Serres G, Ratnam S, Ward BJ, Joly JR, 
Duval B. Measles, mumps, and rubella antibodies in children 
5–6 years after immunization: effect of vaccine type and age 
at vaccination. Vaccine 1995; 13:161–166.

26. Leland DS, Kleiman MB. Mumps virus. In: Smith TF, editor.
Laboratory Diagnosis of Viral Infections. Vol. 6. NY (NY): 
Marcel Dekker Inc; 1999: p. 23–32.

27. Galazka AM, Robertson SE, Kraigher A. Mumps and mumps 
vaccine: a global review. Bull World Health Organ 1999; 77: 
3-14.

28. Nicoara C, Zach K, Trachsel D, Germann D, Matter L. Decay 
of passively acquired maternal antibodies against measles, 
mumps, and rubella viruses. Clin Diagn Lab Immunol 1999; Clin Diagn Lab Immunol 1999; Clin Diagn Lab Immunol
6: 868–871.



69 www.smj.org.sa     Saudi Med J 2006; Vol. 27 (1) 

Prevalence of MMR antibodies ... Jaber

29. Gabutti G, Rota MC, Salmaso S, Bruzzone BM, Bella A, 
Crovari P. The Serological Study Group. Epidemiology of 
measles, mumps and rubella in Italy. Epidemiol Infect 2002; Epidemiol Infect 2002; Epidemiol Infect
129: 543–550.

30. Amela C, Pachon I, de Ory F. Evaluation of the measles, 
mumps and rubella immunisation programme in Spain by 
using a seroepidemiological survey. Eur J Epidemiol 2003; Eur J Epidemiol 2003; Eur J Epidemiol
18: 71–79.

31. Watson JC, Hadler SC, Dykewicz CA, Reef S, Philips L. 
Measles, mumps and rubella – vaccine use and strategies 
for elimination of measles, rubella and congenital rubella 
syndrome and control of mumps: recommendation of the 
Advisory Committee on Immunization Practices (ACIP). 
Morb Mortal Wkly Rep 1998; 47: 1–57.

32. Cochi SL, Preblud SR, Orenstein WA. Perspectives on the 
relative resurgence of mumps in the United States. Am J Dis 
Child 1988; 142: 499–507.Child 1988; 142: 499–507.Child

33. Cutts FT, Robertson SE, Dý´az-Ortega JL, Samuel R. 
Control of rubella and congenital rubella syndrome (CRS) 
in developing countries, part 1: burden of disease from CRS. 
Bull World Health Organ 1997; 75: 55–68.

34. Dowdle WR, Ferrera W, De Salles Gomes LF, King D, 
Kourany M, Madalengoitia J, et al. WHO collaborative study 
on the sero-epidemiology of rubella in Caribbean and Middle 
and South American populations in 1968. Bull World Health 
Organ 1970; 42: 419–422.

35. Christenson B, Bottiger M. Long-term follow-up study of 
rubella antibodies in naturally immune and vaccinated your 
adults. Vaccine 1994; 12: 41–45.

36. Beckler N, Rouderfer V. Simultaneous control of measles 
and rubella by multidose vaccination schedules. Math Biosci 
1996; 131: 81–102.

37. de Quadros CA, Olive JM, Hersh BS, Strassburg MA, 
Henderson Da, Brandling-bennett D, et al. Measles 
elimination in the Americas: evolving strategies. JAMA 
1996; 275: 224–9.

38. Robertson SE, Cutts FT, Samuel R, Diaz-Ortega JL. 
Control of rubella and congenital rubella syndrome (CRS) 
in developing countries, part 2: vaccination against rubella. 
Bull World Health Organ 1997; 75: 69–80.


