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هل باإلمكان االستعاضة عن اخلطة احلالية للتلقيح ضد احلصبة واحلصبة األملانية والنكاف بجرعة وحيدة من اللقاح 
املشتـرك بنهاية العام األول؟

أمحد عمرو عبايس، شهرية صالح الدين بركات، حممد حممد عبد الفتاح، زينب نبيل سعيد، هالة عبد الرؤوف املتويل
حني، للتعرف عىل إمكانية  م هذه الدراسة املستعرضة تقيياًم للحالة املناعية لدى أطفال أصحاء غري ملقَّ اخلالصـة: تقدِّ
االستعاضة عن لقاَحنينْ أحدمها هو املضاد للحصبة الذي يعطى يف الشهر التاسع والثاين هو املضاد للحصبة واحلصبة 
األملانية  واحلصبة  للحصبة  املضاد  اللقاح  من  وحيدة  بجرعة  عرش،  الثامن  الشهر  يف  يعطى  الذي  والنكاف  األملانية 
َتدُّ  والنكاف يف الشهر الثاين عرش. وقد أظهرت عينات املصل املأخوذة من 566 طفاًل من اإلسكندرية يف مرص نقصًا ُيعنْ
َتدُّ به إحصائيًا يف  ُيعنْ م العمر، رغم ازدياد  ل اإلجيابية املصلية لألمراض الفريوسية الثالثة مع تقدُّ به إحصائيًا يف معدَّ
ل اإلجيابية املصلية بني األطفال الذين حيتلون مرتبة الطفل األول أو الثاين يف األرسة، ولألطفال الذين ولدوا يف  معدَّ
متام احلمل، أو من أمهات ليس لدهين سوابق ارتفاع ضغط الدم أثناء احلمل. ويويص الباحثون بإعطاء اجلرعة األوىل 
زة منه يف السنة  من لقاح احلصبة واحلصبة األملانية والنكاف بني الشهر التاسع والشهر الثاين عرش، ثم إعطاء جرعة معزِّ

الرابعة من العمر.

Could the MMR vaccine replace the 
measles vaccine at one year of age in 
Egypt?
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Le calendrier vaccinal actuel (rougeole à 9 mois et ROR à 18 mois) peut-il être remplacé par une 
dose de ROR à 1 an en Égypte ?
RÉSUMÉ Cette étude transversale a évalué le statut immunitaire de nourrissons en bonne santé non 
vaccinés afin de déterminer la possibilité de remplacer le calendrier vaccinal actuel, qui prévoit un vaccin 
antirougeoleux à 9 mois et un vaccin antirougeoleux-antiourlien-antirubéoleux (ROR) à 18 mois, par une 
dose unique de vaccin ROR à 12 mois. Les échantillons de sérum prélevés sur 566 enfants d’Alexandrie 
(Égypte) ont montré une baisse significative du taux de séropositivité aux trois maladies virales à mesure 
que l’âge augmentait, mais une augmentation significative de ce taux chez les nourrissons qui étaient le 
premier ou le deuxième enfant de la famille, nés à terme ou de mères n’ayant pas d’antécédents d’hyper-
tension pendant la grossesse. Nous recommandons l’administration de la première dose de vaccin ROR 
entre 9 et 12 mois et une dose de rappel à l’âge de 4 ans.
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ABSTRACT This cross-sectional study evaluated the immune status of non-vaccinated healthy infants to 
determine if it is possible to replace both measles vaccine (at 9 months) and measles, mumps and rubella 
(MMR) vaccine (at 18 months) with a single dose of MMR at 12 months. Serum samples from 566 children 
in Alexandria, Egypt showed a significant decrease in the seropositive rate to the 3 viral diseases with 
increasing age, but a significant increase in the seropositive rate among infants who were ranked 1st or 
2nd in their family, full-term or born to mothers with no history of hypertension during pregnancy. We rec-
ommend administration of the first dose of MMR vaccine between 9 and 12 months of age, and a booster 
dose of MMR vaccine at 4 years of age.
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Introduction

The measles, mumps and rubella (MMR) 
viruses contribute to a significant degree 
of mortality and morbidity in developing 
countries [1]. Though MMR vaccine has 
been part of the immunization schedule 
in developed countries for some time, it 
has been included in the Egyptian national 
immunization schedule only since 2000. 
The MMR vaccine has been very effective 
in the elimination of disease and has high 
biosafety [2,3]. Furthermore, the vaccine 
can be safely administered to children with 
allergy to eggs, even those with severe hy-
persensitivity [4]. 

The Advisory Committee on Immuniza-
tion Practices has recommended 2 doses of 
MMR vaccine for all children and certain 
high-risk groups of adolescents and adults, 
including international travellers, people 
attending colleges and other higher educa-
tional institutions and people who work at 
health care facilities. The first dose of MMR 
vaccine should be administered to all chil-
dren beginning at or after age 12 months, 
and the second dose routinely at age 4 to 6 
years [5]. More than 30% of measles cases 
occur before the age of 1 year in developing 
countries, a time at which that majority of 
children have lost their maternally-acquired 
antibodies [6]. The World Health Organiza-
tion (WHO) recommended the vaccination 
schedule in Egypt as follow: measles vac-
cine at age 9 months and a single dose of 
MMR vaccine at 18 months. 

Serological studies show that measles 
vaccine efficacy increases in children im-
munized at age 12 months or later [7,8]. 
This is due to the effect of persistent ma-
ternal antibodies that interfere with im-
munization [9,10]. Maternal antibody levels 
to measles show progressive reduction with 
increasing age from 7 months to 15 months 
[11]. This also applies to maternal mumps-

specific IgG antibodies [12]. Gestational 
age also has an important influence on the 
placental transfer of maternal IgG antibod-
ies to the fetus. The premature infant has 
proportionally lower IgG concentration at 
birth, and values reached their lowest level 
at 3 months [13]. However, seroconversion 
following vaccination is more common in 
premature than in term infants because of 
earlier disappearance of maternally-derived 
antibody in premature infants who start 
with a lower level of antibodies [14]. The 
immune status of mothers against the MMR 
viruses also has an important influence on 
the timing of immunization of children. 
It has been suggested that the children of 
women who have received measles vaccine 
might be successfully immunized at an 
earlier age than the children of women who 
have had measles. Antibody titres are lower 
after immunization than after measles, and 
therefore wane over a shorter period of time 
[14].

The aim of our study was to determine 
the immune status of non-vaccinated healthy 
infants in Egypt to ascertain if it is possible 
to replace the current vaccination schedule 
regarding measles (at 9 months) and MMR 
(at 18 months) by a single dose of MMR 
given at 12 months. 

Methods 

This cross-sectional study was carried out at 
the outpatient department of a tertiary care 
hospital in Egypt, Alexandria University 
Children’s Hospital, over a 1-year period 
from 1 March 2005 to 28 February 2006. A 
total of 566 normal children aged from 0–12 
months, attending the hospital for regular 
follow-up, were enrolled in the study. Ne-
onates less than 7 days were recruited from 
the delivery room. None of them had been 
previously vaccinated with MMR vaccine, 
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had any history of measles, mumps or ru-
bella infection or was taking immunosup-
pressive agents. Additionally, children with 
chronic illnesses such as malignancies, 
severe malnutrition, tuberculosis, liver cir-
rhosis or renal failure were not included in 
the study. 

Written parental consent was obtained 
for each participant, and the study was ap-
proved by the ethics committee of the Uni-
versity of Alexandria. All studied infants 
were subjected to careful history taking 
(age, sex, birth order, gestational age, his-
tory of vaccination against any of the 3 viral 
diseases, maternal history of hypertension 
during pregnancy and maternal history of 
vaccination, infection or exposure to any 
of the 3 viral diseases) and full clinical 
examination. 

A 3mL blood sample was withdrawn 
from each infant by venepuncture and 
sera were separated, divided in 3 aliquots 
and kept frozen at –70 ºC until tested for 
qualitative and quantitative measurement 
of serum levels of measles-, mumps- and 
rubella-specific IgG antibodies. Commer-
cially available enzyme-linked immuno-
sorbent assay kits were used for measles 
(BAG-Masern-EIA-G, BAG Healthcare, 
Lich, Germany), mumps (BAG-Mumps-
EIA-G, BAG Healthcare) and rubella (Bio-
tec Laboratories Limited, United Kingdom) 
[15]. Each test was performed following 
the manufacturer’s instructions. IgG levels 
were expressed as IU/mL. 

Statistical analysis 
The data were analysed using SPSS, version 
5. Quantitative variables were presented as 
mean and standard deviation (SD). Analysis 
of variance (ANOVA) was used to compare 
the mean values of various quantitative 
variables between multiple groups. The chi-
squared test was used to compare the pro-
portion of quantitative variables between 

them. For all tests, a P value of < 0.05 was 
considered significant. 

Results

The study included 566 healthy infants, 
aged between 0–12 months. They were 
299 (52.8%) males. The studied subjects 
were categorized according to their ages 
into 5 groups: 0 day–< 2 months (193 in-
fants, 34.1%); > 2–< 4 months (110 in-
fants, 19.4%); > 4–< 6 months (102 infants, 
18.0%); > 6–< 9 months (103 infants, 
18.2%); and > 9–< 12 months (58 infants, 
10.2%)

Seropositive rates
The overall seropositive rate of the study 
infants to the 3 viral diseases was 68.0% for 
measles (385 infants), 79.5% for mumps (450 
infants) and 57.6% for rubella (326 infants). 

Changes in the seropositive rate of the 
studied infants to the 3 viral diseases in the 
different age groups are shown in Figure 1. 
The measles seropositive rate of the studied 
infants showed a significant decrease from 
74.6% in the age group 0–< 2 months to 
56.9% in the age group > 9–< 12 months (P 
< 0.05). However, the mumps and rubella 
seropositive rates showed a different trend, 
as the decrease in the percentage seroposi-
tive until the age > 4–< 6 months was fol-
lowed by slight increase at the age group > 
6–< 9 months. However, the difference was 
statistically insignificant (P > 0.05). 

Factors affecting seropositivity
Factors affecting the seropositive rate of the 
studied infants to the 3 viral diseases were 
as follows. 

Gestational age
The median level of maternal-specific IgG 
antibodies to measles, mumps and rubella 
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viruses was significantly higher in full-term 
compared to preterm infants (1.7, 113.5 and 
23.1 IU/mL versus 0.0, 24.0 and 2.3 IU/
mL respectively) (Table 1). Furthermore, 
the seropositive rate of the studied infants 
to measles, mumps and rubella was sig-
nificantly higher in full-term compared to 
preterm infants (70.0%, 82.0% and 59.2% 
versus 0%, 0% and 5.9% respectively) (P < 
0.001) (Table 1). 

Birth order of the studied infants
A higher seropositive rate to all the MMR 
viruses was shown among infants of 1st 
or 2nd birth order in their family, with a 
significant decrease in the percentage se-
ropositive for infants ranked higher in the 
family birth order (P < 0.001) (Figure 2). 

Maternal history of hypertension during 
pregnancy
We studied the effect of maternal hyperten-
sion during pregnancy on the median levels 
of maternal-specific IgG antibodies to MMR 
viruses and the corresponding seropositive 
rate among the studied infants. Infants born 
to mothers with hypertension during preg-
nancy showed a significant decrease in se-
ropositivity to measles, mumps and rubella 
than those born to mothers with normal 
blood pressure during pregnancy (52.7%, 
62.6% and 51.1% versus 72.6%, 84.6% and 
59.5% respectively) (P < 0.001). However, 
although the median levels of maternal-
specific IgG antibodies to the MMR viruses 
among infants born to mothers with hyper-
tension were lower than the median levels 

Figure 1 Seropositive rate of the studied infants to measles, mumps and rubella viruses in 
relation to age group
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Table 1 Median levels of maternal-specific IgG antibodies and seropositive rate against 
measles, mumps, and rubella among infants in relation to gestational age (n = 566)

Virus Median maternal-specific IgG level 
(IU/mL)

% of infants seropositive

Preterm 
infants

Full-term 
infants

P-value Preterm 
infants

Full-term 
infants

P-value

Measles 0.0 1.7 < 0.001 0.0 70.0 < 0.001
Mumps 24.0 113.5 0.002 0.0 82.0 < 0.001
Rubella 2.3 23.1 0.003 5.9 59.2 < 0.001

among infants born to mothers with normal 
blood pressure, the difference was statisti-
cally insignificant (P > 0.05) (Table 2). 

Maternal history of exposure, 
infection or vaccination against the 
3 viral diseases 
We evaluated changes in the median levels 
of the maternal IgG antibodies to the MMR 

viruses among the studied infants in relation 
to maternal history of exposure, infection, 
vaccination or no history of infection with 
any of the 3 viral diseases. It was shown 
that the median levels of maternal IgG anti-
bodies to measles, mumps and rubella were 
significantly higher among infants born to 
mothers with a history of previous infection 
to the corresponding virus (3.9, 233.2 and 

Figure 2 Seropositive rate of the studied infants to measles, mumps and rubella viruses in 
relation to birth order in family
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Table 2 Median levels of maternal-specific IgG antibodies and seropositive rate against 
measles, mumps, and rubella among infants born to mothers having a history of hypertension 
during pregnancy and those born to healthy mothers (n = 566)

Virus Median maternal-specific IgG level in 
infants (IU/mL)

% of infants seropositive

Born to 
mothers with 
hypertension 
in pregnancy

Born to 
healthy 
mothers

P-value Born to 
mothers with 
hypertension 
in pregnancy

Born to 
healthy 
mothers

P-value

Measles 3.5 5.2 > 0.05 52.7 72.6 < 0.001
Mumps 165.1 270.8 > 0.05 62.6 84.6 < 0.001
Rubella 157.8 374.8 > 0.05 51.1 59.5 < 0.001
aIn pregnancy

Table 3 Median levels of maternal-specific IgG antibodies to measles, mumps and rubella 
among infants in relation to mothers’ history of vaccination, infection, exposure and no history 
of any of the 3 viral diseases (n = 566)

Virus Median maternal-specific IgG level (IU/mL) in infants P-value
Born to mothers 
with exposure to 

infection

Born to 
mothers with 

infection

Born to 
mothers with 
vaccination

Born to mothers 
with no history of 

infection
Measles 3.3 3.9 3.8 2.0 0.003
Mumps 200.7 233.2 212.9 89.4 < 0.001
Rubella 207.2 406.7 262.3 134.1 < 0.001

406.7 IU/mL respectively) (Table 3). The 
highest seropositive rate to measles, mumps 
and rubella was found among infants born 
to mothers infected with the corresponding 
virus (49.1%, 42.6% and 31.9% respec-
tively, not shown on Table 3). 

Discussion
IgG antibodies are actively transported 
across the human placenta into the fetal 
circulation, supplying the infant with a full 
complement of its mother’s IgG antibod-
ies. Such antibodies, which degrade over 
the first few months of life as the immune 
system of the infant matures, may protect 
against many infectious diseases but might 
interfere with the effectiveness of infant 
vaccination [16,17]. In this study we tried 
to evaluate the immune status of healthy, 

non-vaccinated Egyptian infants aged 0 day 
to 12 months to MMR viruses to assess if it 
is possible to change the current vaccination 
schedule regarding measles and MMR and 
replace it with a single dose of MMR given 
at 12 months.

The present study showed a decrease in 
the seropositive rate of the studied infants 
to the MMR viruses with increasing age. 
At the age of 9–12 months, about 50% of 
the studied infants still had the protective 
maternal antibodies, but also that at this age 
50% of infants are susceptible to measles 
and rubella. 

Variation in the prevalence of maternal 
antibodies to the MMR viruses between 
infant populations across countries and so-
ciodemographic strata is poorly understood 
[9]. Some studies showed a persistence 
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of maternal specific antibodies to measles 
in infants up to 15 months of age [11,18]. 
On the other hand, other studies showed 
early decay of maternal specific antibodies 
at age 6 months [10,19]. Several studies 
conducted at the University of Alexandria, 
Egypt showed a persistence of maternally 
transmitted antibodies to measles in only 
30% of infants aged between 9–11 months, 
and to mumps in 86% of infants in the same 
age group [20–22]. Greater understanding 
of the determinants of the prevalence of ma-
ternal-specific antibodies will help national 
policy-makers to determine the appropriate 
age for infant vaccination for MMR [7]. 
The transfer of IgG from the mother to her 
fetus starts about the 6th month of gestation 
and increases sharply, so that fetal levels 
of IgG reach maternal levels during the 8th 
month of gestation. At term, the fetal level 
even exceeds the maternal level [17]. This 
implies that gestational age is an important 
determinant of transfer of IgG from the 
mother to the fetus [23]. The present study 
showed that significantly more full-term 
than preterm infants were antibody-positive 
to the MMR viruses. Also, the median 
levels of maternal-specific antibodies were 
significantly higher in full-term compared 
to preterm infants. These results agree with 
the work done by Okoko et al. [13] and 
Doroudchi et al. [24]. 

The birth order of the studied infants had 
an important impact on the seropositive rate 
to the MMR viruses, as infants ordered the 
1st or 2nd had the highest percentage sero-
positivity compared with those ordered 4th 
or 5th. In Egypt, the poor nutritional state 
of multiparous mothers may affect their 
immune status, with a subsequent diminu-
tion of antibodies passively transferred to 
the fetus. A similar finding was observed in 
other studies [12,18]. 

Maternal diseases during pregnancy 
have an important impact on the rate of 

transmission of IgG antibodies across the 
placenta. The present study showed that the 
median levels of IgG titres and the propor-
tion of infants who were antibody positive 
to the MMR viruses was higher among 
infants born to mothers who did not have 
a history of hypertension during pregnancy 
compared with those born to mothers with 
hypertension during pregnancy. This is 
might be attributed to ischaemic changes in 
the placenta that accompany hypertension 
and interfere with the normal transfer of 
maternal antibodies. Similarly, Sethi et al. 
found that IgG levels of low-birth-weight 
newborns (weighing less than 2 standard 
deviations below the expected weight for 
gestational age due to maternal illness dur-
ing pregnancy) were lower than the anti-
body levels of normal weight infants of 
healthy mothers [25]. It is obvious that the 
decrease in serum IgG levels in infants born 
to mothers with antenatal illness is mainly 
due to the effects of maternal malnutrition 
and may possibly be related to the placental 
pathology commonly observed in these 
pregnancies [26].

Consideration has been given to the 
effects of maternal antibodies on the sero-
positive rate of the studied infants to the 
MMR viruses. The highest seropositive rate 
was found among infants born to mothers 
with a history of infection with any of the 3 
viruses. Although our study did not include 
measuring maternal antibodies to the 3 dis-
eases in the mothers of the studied infants, 
it is assumed to be highest among mothers 
with a history of infection. A study con-
ducted in both developing and developed 
countries that measured maternal-specific 
antibodies to measles found that mothers 
who contracted measles had significantly 
higher levels of antibodies and higher se-
roprevalence rates among their infants than 
mothers who were vaccinated [26]. It has 
been suggested that the children of women 
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