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Antibody Response to Measles Vaccination in Turkish Children 

Summary: In recent years, there has been a remarkable increase in measles cases among 
preschool and secondary school children in Turkey, as in many other countries. The sero- 
conversion and coverage rates of measles vaccine should therefore be evaluated in order to 
obtain data that could be used to determine the vaccination policy for Turkey. Measles imo 
munity status was studied by an enzyme-linked immunosorbent (ELISA) test determining 
the anti-measles IgG antibody levels. Measles specific IgG antibodies were found to be po- 
sitive in 77.88% of the entire study group of 800 children aged 11 months to 12 years, while 
21.25% had negative sera. Seven (0.87%) subjects had borderline results. The results of  this 
study indicate the need to administer a second dose of measles vaccine, preferably at 18 
months of age concomitant with other vaccines. This vaccination policy, together with an 
increase in the extent of immunization coverage, may help to achieve the World Health Or- 
ganization's (WHO) target of the complete eradication of measles. 

Introduction 

Measles is a viral disease which may result in acute respi- 
ratory tract infection in addition to fever and rash. Al- 
though it's usually a self-limited illness, measles continues 
to be a major cause of childhood mortality in developing 
countries due to its complications during the acute phase 
and thereafter  [1, 2]. It is estimated that 1.6 million chil- 
dren die annually from measles and its complications [3]. 
With the introduction of measles vaccine in the 1960's, 
worldwide incidence of measles infection has decreased 
dramatically [4, 5]. In the first few years of its administra- 
tion, the vaccine was thought to confer lifelong immunity. 
However ,  the increase in measles cases among previously 
vaccinated school children, especially junior and senior 
high school students, in the 1980's has led to new studies 
about post-vaccination seroconversion rates [4-7]. 
In Turkey,  measles vaccination began in 1968 with 
Schwarz strain given as a unique dose at 12-15 months of 
age only during epidemics. Routine administration of 
measles vaccine at the age of 9 months, as recommended 
by W H O  for developing countries, began in 1987. How- 
ever, preceding this policy, an accelerated Expanded Pro- 
gramme on Immunization (EPI)  covering children 6-60 
months of age had been held in 1985 in order to eliminate 
five contagious diseases, including measles. This pro- 
gramme resulted in a substantial decrease in the measles 
prevalence rates of the subsequent few years. Measles 
prevalence rates in Turkey were 132/100,000 in 1970, 
4/100,000 in 1987, 41.6/100,000 in 1992 and 56.7/100,000 in 
1993. The age distribution of cases in 1992 was 8.35% aged 
0-11 months, 23.79% aged 1-4 years and 59.55% aged 
5-14 years. The ratio of the latter age group was 60.77% in 
1993. Measles immunization coverage rates were 34% in 
1986 and 65% in 1992. Immunization coverage rates 
should be increased to 95%. Besides, it is necessary to as- 
sess the seroconversion rates against measles vaccine in 

previously vaccinated pre-school and school children in 
order  to establish the measles vaccination policy. Accord- 
ing to these data, the need for a second dose of vaccine, 
and if necessary, the optimal age of administration need to 
be discussed. 

Materials and Methods 

Study population: A total of 800 children referred to outpatient 
clinics of the Department of Pediatrics, Ankara University Fa- 
culty of Medicine between August 1993 and December 1993 
were included in the study for assessment of measles vaccine 
serology in different age groups. These children were divided in- 
to three groups in order to evaluate the early vaccine response 
and secondary vaccine failure: 200 infants aged 11-24 months 
(Group 1), 300 children aged 4-6 years (Group 2) and 300 chil- 
dren aged 10-12 years (Group 3). Group I and Group 2 had been 
administered measles vaccine at 9 months of age, and Group 3 
had been vaccinated at the age of 2-4 years during the accelerat- 
ed EPI in 1985. All of these children had been vaccinated with 
Schwarz strain. To be included in our study, the follow-up re- 
quirements had to be fulfilled: 1) for Groups 1 and 2, history of 
vaccine administration at 9 months of age had to be verified by 
personal records of vaccination or by parental information; 2) for 
Group 3, history of vaccine administration at 2-4 years of age in 
1985 had to be verified from the records of regional primary 
health care centers; and 3) for all groups, no history of verified or 
suspected measles infection after vaccination, any chronic illness, 
or an immunodeficient state. Parents were informed of the study 
protocol and their consent was obtained. 
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Table 1: Serological data of the study population. 

Group 1 143 (71.5) 56 (28) 1 (0.5) 
Group 2 207 (69) 89 (29.67) 4 (1.33) 
Group 3 273 (91) 25 (8.33) 2 (0.67) 
Total 623 (77.88) 170 (21.25) 7 (0.87) 

Table 2: Seropositivity rates of age subgroups. 

Group i 

Group 2 

Group 3 

11-15 months 64 (73.56) 
16-20 months 50 (75.76) 
21-24 months 29 (61.60) 

4 years 73 (76.29) 
5 years 70 (66.67) 
6 years 64 (65.98) 

10 years 115 (91.27) 
11 years 69 (84.15) 
12 years 89 (94.62) 

Serology: Separated serum samples were stored at -20°C until 
tested for IgG antibodies to measles virus. The antibody levels 
were measured by means of an enzyme-linked immunosorbent 
(ELISA) IgG antibody test, using a commercial kit (Incstar Ru- 
beola IgG Clin-ELISA Cat. No.: 4600, Lot # Ch-B 402033, 
USA). To sum up briefly: microtiter wells as a solid phase were 
coated with measles virus antigens. Control and test sera at a di- 
lution of 1/51 were added to the wells. Corresponding specific an- 
tibodies that were present in the specimens were bound to the 
antigen at the solid phase. After a washing step to remove un- 
bound material, anti-human IgG conjugated to peroxidase was 
added. After a second washing step to remove unbound conju- 
gate, the enzyme-linked complexes were detected by incubation 
with a substrate (p-nitrophenylphosphate) for development of a 
blue colour that changed into yellow after stopping the enzymat- 
ic reaction with 3N NaOH (sodium hydroxide). The optical den- 
sity, which is directly proportional to the amount of anti-measles 
IgG antibodies in the specimen, was measured by an ELISA mi- 
crotiter plate reader(Awareness, Stat-fax-2100 microtiters ELI- 
SA reader). Linear regression graphics were drawn for each box, 
using absorbance values of calibrator-I, calibrator-II and calibra- 
tor,III, and standard ELISA values for each calibrator (10 for 
calibrator-I, 205 for calibrator-II and 520 for calibrator-III). 
ELISA values corresponding to absorbance of each test serum 
were found by this regression graphic. An ELISA value equal to 
or greater than 110 was interpreted as indicative of the presence 
of specific antibodies to measles and immunity to future infec- 
tion. Values between 1:01-109 were considered equivocal, while 
an ELISA value of 100 or less denoted no detectable antibody to 
measles and indicated absence of immunoprotection. 
Statistical analysis was done by Chi-square test and Z test for 
comparison of values for groups and for percent values within 
each group, respectively. 

Results 

Eight hundred subjects were  included in the study. Of  
these, 439 (54.87%) were male  and 361 (45.12%) were fe- 
male. The serological data of the entire study populat ion 
is presented in Table  1. Compar ison  of the three groups 
for seropositivity and seronegativity with Chi-square test 
revealed a statistically significant difference (×2: 49.748, 
p<0.01). Z test was per formed for group pairs in order  to 
determine the group and/or groups causing the statistical 
significance. There  were statistically significant differenc- 
es between Groups  I and 3, and Groups  2 and 3 (p<0.01), 
while the difference was not  statistically significant be- 
tween Groups  1 and 2 (p>0.05). When the seropositivity 
and seronegativity rates were compared  according to sex 
with Z test, there were no significant differences (p>0.05). 
Each group was divided into age subgroups and seroposi- 
tivity rates were evaluated for them (Table 2). When  these 
age subgroups were compared  with each other within each 
group, only the difference between the 11-year-old and 12- 
year-old age groups was found to be statistically significant 
(p<0.05). 

Discussion 

Although measles vaccine confers a high level of  protec- 
tion, and coverage rates of  80-95% have been accom- 
plished in developed countries, there has been a substan- 
tial increase in measles cases in these countries in recent 
years [5, 6, 8]. It  is suggested that an anti-measles serocon- 
version of 70-80% is sufficient to protect  against out- 
breaks in communit ies where vaccination coverage rates 
are above 80%, especially among children under  2 years of 
age [9]. However ,  the immunity level should be at least 
95% in crowded areas such as schools and campuses in or- 
der to prevent  virus transmission and outbreaks of  disease 
[10, 11]. The seroconversion rate of 77.88% that was de- 
termined in a total of 800 children in our  study, together  
with a coverage rate of  approximately  65% in Turkey,  
seems insufficient to protect  against sporadic or epidemic 
measles infection. 
Administrat ion of measles vaccine at 9 months  of age con- 
fers a seroconversion of about  80-90% and a substantial 
protect ion f rom the disease [4, 8]. The seroconversion rate 
of 71.5% which was found in our  study for the 11-24- 
month  age group, is somewhat  lower than these values. 
There  were similar rates (approximately 70%) also for the 
11-15, 16-20 and 21-24-month age groups. These insuffi- 
cient rates may be the result of  interruption of vaccine cold 
chain, administration errors, or the maternal  ant ibody lev- 
el, which is the most  impor tant  factor determining early 
vaccine response and vaccine failure at the age of admin- 
istration. Studies have shown that causes other than ma- 
ternal antibodies have a minor  role in early vaccine failure 
[6]. Although disappearance of materna l  anti-measles an- 
tibodies takes place at variable ages in different communi-  
ties, there is an inverse relationship between disappear-  
ance age and socio-economic status [12-1@ It is not  exact- 
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ly known for our country when these antibodies are elim- 
inated. Ceyhan et al. [15] have found that maternal  anti- 
measles antibodies were present  in 20% of infants at 30-31 
weeks of age. In the view of these data, the low serocon- 
version rate (71.5%) that we found in our study could be 
explained, at least in part,  by the persistence of maternal  
anti-measles antibodies at 9 months of age in Turkey.  
In our study, we obtained a lower, though statistically in- 
significant (p>0.05), seroconversion rate in Group  2 when 
compared  to Group  i (69% vs. 71.5%). This result, togeth- 
er with the vaccine coverage rate of 65% in our  country, 
shows that the l l -mon th -o ld  to 6-year-old age group pos- 
sesses a high risk for measles infection and points to the 
need to administer a second dose of vaccine at approxi- 
mately 2 years of age. 
In developed countries, recent measles outbreaks have 
been noted  mainly in the 10 to 12-year age group [4, 5, 8]. 
The seropositivity rate of 91%, which we found in this age 
group (Group  3), is significantly higher than the values of 
Groups  1 and 2 (p<0.01). This high seropositivity rate 
found for Group  3 can be explained by three factors: 1) 
this group of children had been vaccinated during the ac- 
celerated EPI  held in 1985 when they were 2-4 years old, 
2) they could have developed measles infection, even 
though this was not specified by their families, and this na- 
tive immunity could have been enhanced by the vaccine 
administered during that program,  3) a subclinical measles 
infection following vaccination could have resulted in an 

increase in vaccine-induced ant ibody levels. 
Results of our study show that measles continues to be an 
important  health p rob lem in our country. It  has been  es- 
tablished that a pr imary vaccine failure of 30% after vac- 
cination at 9 months of age persists through 11 months to 
6 years of age. This susceptible group of 30% of the com- 
munity, together  with those not  included in the coverage 
rate of 65% in our country, are potentially at risk for mea-  
sles infection. 
In conclusion, vaccine coverage rates should be increased 
and a second dose of vaccine should be administered, pref- 
erably at 18 months of age, as it is feasible to administer it 
with other  vaccines. I t  seems reasonable;  at least till the re- 
sults of this second dose policy are obtained, to vaccinate 
4-6-year-old children as well at the beginning of pr imary 
school together  with the other  vaccines, because this age 
group has low immunization rates similar to those of chil- 
dren at 11-24 months of age. In addition, serologic studies 
should be per formed periodically, and vaccination pro- 
grams appropriate  for our country should be determined 
according to these data. 
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Zusammenfassung: Antiki~rperantwort auf Masernimpfung 
bei tiirkischen Kindern. Masernf~ille haben in den letzten Jah- 
ten bei Vorschul- und Schulkindern in der Ttirkei erheblich zu- 
genommen. Diese Beobachtung wurde auch in anderen L/in- 
dern gemacht. Es ist daher n6tig, Untersuchungen zur Sero- 
konversion und Durchimpfung mit Masernimpfstoff durchzu- 
ftihren, um Daten zu haben, die als Grundlage ftir die Impf- 
strategien in der Ttirkei verwendet werden k6nnen. Der Ma- 
sern-Immunstatus wurde mittels enzymgebundenem Immun- 
sorbent-Assay (ELISA) bestimmt. Die Messung der anti-Ma- 

sern IgG-Antik6rperspiegel ergab einen positiven Befund bei 
77,88% der gesamten Gruppe von 800 Kindern im Alter von 
11 Monaten bis 12 Jahren. 21,25% der Seren wurden als nega- 
tiv beurteilt. Sieben Kinder (0,87%) hatten grenzwertige Er- 
gebnisse. Die Daten der Studie sprechen dafiir, vorzugsweise 
im Alter von 18 Monaten eine zweite Dosis Masernimpfstoff 
zu applizieren, wenn auch andere Impfungen erfolgen. Mit 
dieser Impfstrategie und einer besseren Durchimpfung k6nn- 
te das Ziel der Weltgesundheitsorganisation (WHO), Masern 
v611ig auszurotten, leichter erreicht werden. 
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