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Measles seroepidemiology among
adolescents and young adults:
response to revaccination
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ABSTRACT We evaluated the seroprevalence of measles antibody and response to measles reim-
munization in 590 previously vaccinated adolescents and young adults; 263 were seronegative. To
differentiate between primary and secondary vaccine failure, anti-measles IgM and IgG titres were
assessed again 2-4 weeks after revaccination in 144 (105 seronegative, 39 seropositive) individuals:
75 seronegative participants responded to revaccination anamnestically (P < 0.001) and developed im-
munity, 11 also showed IgM response (probably primary vaccine failure); 38 seropositive participants
remained seroprotected without significant increase in antibody titre (P = 0.577). Primary vaccine failure
was 4.7%; secondary vaccine failure was 27.1%. After revaccination, 87.3% were seroprotected.

Séroépidémiologie de la rougeole chez des adolescents et de jeunes adultes: réponse a la
revaccination

RESUME Nous avons évalué la séroprévalence des anticorps antirougeoleux et la réponse a la re-
vaccination contre la rougeole chez 590 adolescents et jeunes adultes ayant déja été vaccinés ; 263
étaient séronégatifs. Pour faire la distinction entre I'échec vaccinal primaire et secondaire, le titre des
anticorps IgM et IgG antirougeoleux a été réévalué 2-4 semaines apres la revaccination chez 144 sujets
(105 séronégatifs, 39 séropositifs) : 75 participants séronégatifs ont présenté une réponse anamnes-
tique a la revaccination (p < 0,001) et ont développé une immunité, 11 ont également montré une
réponse en IgM (probablement un échec vaccinal primaire) ; chez 38 participants séropositifs la séro-
protection persistait sans augmentation significative du titre des anticorps (p = 0,577). L'échec vaccinal
primaire était de 4,7 % ; I'échec vaccinal secondaire s'élevait a 27,1 %. Apres la revaccination, 87,3 %
étaient séroprotégés.
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Introduction

Despite the availability of a safe and ef-
fective vaccine, measles remains a public
health problem worldwide. It has been esti-
mated that 30 million people contract mea-
sles every year, and that nearly 1 million
die. Many of the cases occur in adolescents
and young adults [/—4]. Measles-related
mortality also accounts for around 10% of
all deaths in children <5 years in develop-
ing countries [5].

There are only 2 reasons why older
children remain susceptible to measles:
failure to have been vaccinated and vaccine
failure [6]. Vaccine failure remains a ma-
jor obstacle that must be overcome before
measles can be controlled [7]. Primary vac-
cine failure (PVF) is failure of immediate
seroconversion, with a documented lack of
detectable specific antibody. Administra-
tion of a second dose of vaccine results in a
high proportion undergoing a primary anti-
body response, with an initial [gM response
followed by IgG seroconversion. Secondary
vaccine failure (SVF) results when there
is initial documented seroconversion in
response to vaccination followed by loss of
protection, usually linked to waning serum
antibody levels [8]. On exposure to measles
virus, an individual may contract the virus
and only show anamnestic type of antibody
response, or may become ill. Following a
second dose of vaccination, a large boost in
IgG antibody levels generally occurs, with
little or no IgM response [§].

Around 95%-98% of individuals who
receive a single dose of measles vaccine
after 12 months of age develop measles
antibodies [9]. Some studies have shown
that children vaccinated twice have bet-
ter protection than single dose recipients
[8,9]. The measles vaccine is, however, less

immunogenic in the presence of maternal
antibodies before 12 months of age [§8], and
some studies showed that additional doses
of vaccine could not boost the antibodies to
a satisfactory level, and that any boosting
that did take place was only short-lived
[7,10,11].

Since 1981, through the Expanded
Programme on Immunization, the World
Health Organization has recommended a
single dose of measles vaccine at 9 months
of age in countries where measles is a prob-
lem in the first year of life [/2]. Despite
this programme, measles continues to be a
major child health problem in developing
countries [6,13].

The Iranian immunization policy fol-
lows the World Health Organization’s rec-
ommendation for developing countries, and
includes a monocomponent vaccine against
measles at 9 months of age [/2]. In addition,
the Iranian Ministry of Health recommends
that a second dose of the measles vaccine
be given at the age of 15 months. After
implementing the 2-dose vaccination sched-
ule with high levels of coverage (> 95%),
between 1988 and 1998 the incidence of
measles decreased markedly in Iran. During
recent years, however, the incidence of the
disease has been increasing, with some inci-
dences in previously vaccinated individuals
among all age groups, mainly adolescents
and young adults [ 14, 15].

This study was designed to determine
the probable causes of this resurgence in
measles cases, especially in adolescents
and young adults who had been vaccinated
against measles according to the Iranian
vaccination schedule. We also evaluated
the IgM and IgG antibody responses to
reimmunization with measles-containing
vaccine to differentiate PVF from SVF.
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Methods

Participants

This study was carried out from October
2003 to February 2004. Healthy volunteers
[with no history of medical problems (e.g.
acute respiratory infection, febrile illnesses,
skin rash), physician-diagnosed measles or
chronic illness] between 15 and 25 years of
age were recruited from the student popula-
tion at Mazandaran University of Medical
Sciences and at several secondary schools
from different areas of Sari, the capital of
Mazandaran province. Medical students
were recruited through flyers circulated in
the university and volunteers selected based
on medical vaccination records (recipients
of 1 dose of measles vaccine). High-school
students were selected based on medical
vaccination records (recipients of 2-dose
measles vaccine) and student population
density. If a student refused to participate,
the next student was substituted. We did not
have a substantial refusal rate.

Written informed consent was obtained
from all participants. For volunteers under
the age of 18 years, informed consent was
also obtained from a parent. The protocol
was reviewed and approved by the Medical
Ethics Committee of the university.

Vaccine histories of the participants
were obtained from the primary health cen-
tre vaccine records. Up to 1982, measles
vaccination policy in the Islamic Republic
of Iran was to administer 1 dose of the
vaccine after the age of 12 months (Measles
vaccine, Bio-Merieux, France). The 1981
recommendations of the Expanded Pro-
gramme on Immunization for measles vac-
cination for developing countries have been
implemented in the Islamic Republic of Iran
since 1983 [6], with some modification, i.e.
2 doses of measles vaccine administered at
9 and 15 months of age (Measles vaccine,
Razi Institute, Tehran).
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Blood sampling

For initial screening, 5 mL of venous blood
was drawn from each participant under
the supervision of one of the research-
ers. Samples were taken during October
2003—December 2003 and for the second
phase during January 2004—February 2004.
Sera were stored at —20 °C until assayed. As
part of the measles—rubella mass vaccina-
tion programme in the Islamic Republic of
Iran (6-31 December 2003), all individuals
5-25 years of age were vaccinated with
measles—rubella virus-containing vaccine
(Serum Institute of India Ltd, Pune), i.e. all
those in the study sample were revaccinated
after the first blood sampling. Sera were
obtained 2—4 weeks after revaccination to
determine the IgM and IgG antibody re-
sponses to revaccination.

Serologic assay

Measles IgG and IgM antibodies were de-
tected by enzyme-linked immunosorbent
assay (Measles IgM-ELISA and measles
IgG-ELISA, IBL, Hamburg). The tests were
performed in the university laboratory ac-
cording to the manufacturer’s instructions.
Quantitative antibody titres < 10 TU/mL
were reported as negative and > 10 IU/mL
as positive. All sera (samples obtained be-
fore and after revaccination) were tested for
IgG measles-specific antibodies; IgM was
measured only in blood samples taken after
revaccination to differentiate primary and
secondary response types.

Statistical analysis

Data were analysed as ordinal and con-
tinuous variables. Antibody levels were log-
transformed for calculation of geometric
mean antibody concentrations. The student
t-test was used to compare the mean values
in the pre- and post-vaccination groups. All
statistical analysis was performed using
SPSS, version 10.
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Results

A total of 590 adolescents and young
adults (39.7% female), mean age 21.1 years
[standard deviation (SD) 5.0; range 15-25
years], were enrolled into the measles se-
roprevalence study trial and underwent
serological screening for measles-specific
IgG antibody. All of these individuals had
previously received measles vaccine, 2
doses (at 9 months and 15 months) in the
209 participants 15—19 years old and 1 dose
(after 12 months) in the 381 participants
aged 20 years and older), as part of the
routine measles vaccination schedule in the
Islamic Republic of Iran.

We found that 263 (44.6%) participants
were serologically negative for measles an-
tibody, geometric mean concentration 4.09
(SD 2.6) IU/mL mean age 20.0 (SD 2.9)
years, and 327 (55.4%) were seropositive,
geometric mean concentration 56.5 (SD
45.3), mean age 22.2 (SD 7.0). The results
of the serological assays are summarized in
Table 1.

All 590 individuals were revaccinated
(as part of the catch-up programme, 631
December 2003), and 105 participants iden-
tified as seronegative and 39 identified
as seropositive agreed to provide blood
samples for follow-up studies. Seventy-five

of the revaccinated seronegative individuals
(71.4%) responded to revaccination and
showed significant increase in the levels of
IgG measles antibody (P < 0.001) (Table
2); 11 (10.5%) also showed IgM response
(probably primary vaccine failure). Of the
39 revaccinated seroprotected individuals,
38 remained seropositive with no statisti-
cally significant increase in IgG measles
antibody. No IgM response was detected in
this group.

To understand the effect of vaccine dose
at initial immunization on seropositivity,
response to reimmunization and amount
of time elapsed between initial immuni-
zation and revaccination, we compared
the seropositivity rates and responses to
revaccination in 2 age groups: 15-19 years
(previously received 2 doses of measles
vaccine) and 20 years and older (previ-
ously received 1 dose of measles vaccine).
As shown in Table 1, 103 (49.2%) of the
209 people in the younger group and 160
(42.0%) of the 381 in the older group were
seronegative, P =0.16.

Also, 65.8% of the revaccinated indi-
viduals enrolled in the younger (2 dose)
group responded to revaccination compared
to 91.3% in the older (single dose) group
(Table 3). Based on these results, extrapola-

Table 1 Seroprevalence status of adolescents and young adults before measles

revaccination, Sari, Islamic Republic of Iran

Measles Participants
seroprevalence Total Age 15-19 years Age 20-25 years
(n=590) (n=209) (n=381)
No. % No. % No. %
Antibody positive? 327 55.4 106 50.8 221 58.0
Antibody negative® 263 44.6 103 49.2 160 42.0
GMC (SD) (IU/mL) 30.3 (24.0) 59.7 (48.4) 53.3(42.2)

GMC = geometric mean antibody concentration.
SD = standard deviation.

2GMC 4.09 (SD 2.6).

"GMC 56.5 (SD 45.3).
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Table 2 Comparison of response to revaccination between seronegative and seroprotected
individuals, Sari, Islamic Republic of Iran
Variable IgG response IgM response GMC P-value
Pre- Post-
vaccination vaccination
No. % No. % Mean SD Mean SD
Seronegative (n = 105) 75 714 1 10.5 4.2 2.6 375 442 <0.001
Seropositive (n = 39) 38 974 0 - 68.3 64.4 63.0 56.4 0.577

GMC = geometric mean antibody concentration.
SD = standard deviation.

tions can be made regarding PVF, SVF and
efficacy of'initial vaccination and revaccina-
tion programmes. Thus, PVF was estimated
at 4.7% [(263 x 100 x 11)/(590 x 105)] and
SVFat27.1%[(263 x 64 x 100)/(590x 105)]
and total vaccination and revaccination ef-
ficacy was estimated at 87.3% [327 + (263
x 75)/(590 x 105)], so community immu-
nity on 95% vaccination coverage would be
82.9% [(87.3 x 95)/100], where 590 = total
no. participants in primary screening, 263
=no. seronegative in primary screening,
105 =no. seronegative after revaccination,
75 =no. responding to revaccination (IgM,
IgG), 64 =no. seronegative responding
with IgG response only (probably SVF),
11 =no. seronegative responding with IgM
(probably PVF) and 327 =no. immune in
primary screening.

Table 3 Comparison of response to
revaccination in seronegative individuals
according to number of doses of measles
vaccine originally given

Doses Total (n=105) Responded
No. %

2 82 54 65.9

1 23 21 91.3

Discussion

In this study we measured anti-measles IgG
antibody titres 15 to 25 years after 1 or 2
doses of measles vaccination to determine
the proportion of seropositivity. Of the stud-
ied population 44.6% were seronegative,
and there was no difference between those
who had had 1 dose of vaccine and those
who had had 2 doses (P = 0.16).
Reinfection and disease seem to occur
in individuals who have previously had a
measles immunization and when the titre
has fallen below a critical level [16,17].
Vaccine failure may occur either because
the immune response never developed or
because it waned over time [/8,19]. Re-
ported rates of primary vaccine failure vary
widely (0-74%) [8]. Some studies docu-
mented lower rates of seroconversion when
the first immunization was given before
12 months of age [7,10,1]]. Linnemann
et al. found that 40% of children who had
received 2 doses of measles vaccine (first
dose before 12 months of age) were seron-
egative, and 33% of the seronegative ones
did not respond to a third dose of vaccine
[1/0]. Studies on seroconversion rates in
children after the first and second doses of
measles vaccination at 9 and 15 months of
age showed seroconversion rates of 77.6%
and 69.9% after the first dose and 81.9%
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and 90.3% after the second dose of measles
vaccine [20,21].

The phenomenon of SVF due to wan-
ing immunity may become apparent only
after the passage of years. There is some
indication that antibody titres fall to low or
undetectable levels in populations with little
re-exposure. This problem may be greater in
areas where immunization was introduced
early and the initial antibody response was
lower [19,12-26]. The findings of a study
on long-term persistence of antibody titres
induced by vaccination and natural infec-
tion suggest that vaccine-induced measles
antibodies decline with time, and fall below
protective levels [/9]. Results of a study
from China indicated that 14 years after pri-
mary immunization, around 10% of those
vaccinated had lost their protective levels,
with antibody titres beginning to convert to
negative between the third and sixth year
after immunization [26].

In our study, after revaccination, 71.4%
of 105 people who were seronegative
showed IgG antibody response to revac-
cination. However, no significant increase
in antibody level was observed in the 39
seropositive individuals we examined. These
results are comparable with the findings of
other studies. Cohen et al. demonstrated
that 58% of seronegative individuals 10-30
years of age developed measles-specific
IgG titres that remained positive at least 1
year after revaccination, and the remainder
either developed only a transient response
(30%) or never developed a positive titre
(12%) [27]. Poland et al. showed that 19.2%
of people vaccinated were seronegative
4-11 years after the primary series of vac-
cination and 18.5% of 130 seronegative
individuals remained seronegative after
revaccination [28]. In an investigation on
a measles outbreak in a fully vaccinated
school population, 18% of 239 sera (26%
of those > 17 years) collected from students
just before revaccination were negative for

measles antibodies, and 7.9% of students
were unprotected against illness with rash
and 44.8% against measles without rash; 9
to 11 months after revaccination these rates
were 3% and 45%, respectively [29]. Two
other studies showed that people with pro-
tective levels of antibodies did not respond
to revaccination anamnestically, but seron-
egative individuals did, although perhaps
temporarily [24,30].

To determine whether the seronegativity
had been induced by PVF or SVF, the IgM
antibody responses were assayed. Eleven
of 105 (10.47%) seronegative individuals
showed IgM antibody response after revac-
cination, the results suggested that they
probably were a result of PVF. The lack of
an IgM response in other responders sug-
gests the previous response to vaccination
had been lost over time [7].

Recent successes in interrupting measles
transmission in the World Health Organiza-
tion Region of the Americas, most other
countries in Europe and selected countries
in other regions provide evidence for the
feasibility of global eradication [3/-35].
The World Health Organization has devel-
oped a global plan for accelerated measles
control which calls for implementation of
a strategy based on that used to success-
fully control measles in the Pan American
Health Organization (PAHO): a catch-up
campaign providing measles vaccine to
all children regardless of prior history of
immunization or disease, followed by high
levels of routine coverage with measles
immunization (keep-up) and periodic
follow-up campaigns targeting all children
1-4 years of age [35].

To interrupt virus transmission in a com-
munity, > 95% of a population must be
protected. It seems impossible to reach a
sufficiently high level of protection by rou-
tine vaccination. In this study among ado-
lescents and young adults in Mazandaran
15-25 years after scheduled measles vacci-
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nation, PVF and SVF were 4.7% and 27.1%
respectively. After revaccination, 87.3%
of those vaccinated developed immunity.
Considering the vaccine coverage of 95%
and efficacy of 87%, only 83% of individu-
als would be immune, a rate which may not
prevent measles outbreaks.

Conclusion

Based on theresults ofthis and previous stud-
ies on measles epidemiology in Mazandaran
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and the rest of the country [/4,15], and also
taking into account experiences on measles
controlinotherpartsofthe world[3/—34], we
advise the implementation of World Health
Organization-recommended strategies to re-
duce and interrupt indigenous measles virus
transmission in the Islamic Republic of Iran.
Mass vaccination with a keep-up phase and
follow-up cyclic campaigns would reduce
the number of susceptible individuals and
to prevent new outbreaks.
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/ Measles elimination

N

In 1997, the Regional Office established a goal to eliminate measles
by 2010. The regional strategy for measles elimination includes: high
routine measles vaccination coverage (> 90%) among children aged
1 year; one-time, nationwide mass immunization campaign or catch-
up campaign targeting all children; second opportunity for measles
immunization either through periodic follow-up campaigns every 3-5
years targeting all children born since the last campaign or achieving
> 95% routine coverage with a second dose of measles vaccine; and
optimal case management of children with acute disease.

Raising coverage with = 1 dose of measles-containing vaccine is a
key element of the elimination strategy. In 2005, coverage was 82%,
leaving an estimated 2.8 million children who were not vaccinated.
More than 90% of these children reside in Afghanistan, Iraq, Pakistan,
Somalia, Sudan and Yemen. In 2005, Afghanistan, Irag, Sudan and
Yemen made considerable progress in increasing coverage, and it is
anticipated that this will continue.

Estimated regional deaths
due to measles, 1999-2004

Year Estimated deaths
1999 102 000
2000 105 000
2001 89 000
2002 59 000
2003 58 000
2004 46 000

Based on campaign results, surveillance data and routine EPI cover-
age, reduction in measles mortality has been > 50% since 1999.

Source: DCD Newsletter Issue no. 8, June 2006
(http://'www.emro.who.int/pdf/dcdnewsletter8.pdf).
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