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ABSTRACT In this study in the Islamic Republic of Iran 365 measles cases were evaluated to distin-
guish between primary infection with measles and reinfection due to secondary vaccine failure. All 
cases previously confirmed by detection of specific IgM were tested for IgG avidity. A secondary immune 
response was seen in 18.4% of patients. All unvaccinated patients (16.7%) showed a primary immune 
response. Of 244 patients with documented vaccination, 75.8% showed a primary immune response 
and 24.2% showed a secondary immune response, thereby indicating a secondary vaccine failure. 
Almost all measles reinfections (99%) were seen in patients >10 years old, indicating that vaccination 
for 10-year-old children is recommended. 
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Distinguer la primo-infection rougeoleuse de la réinfection après un échec vaccinal grâce au 
test d’avidité des IgG 
RÉSUMÉ Dans cette étude en République islamique d’Iran, 365 cas de rougeole ont été évalués pour 
distinguer une primo-infection rougeoleuse de la réinfection due à l’échec de la vaccination secondaire. 
Le test d’avidité des IgG a été effectué pour tous les cas confirmés auparavant par la détection des 
IgM spécifiques. Une réponse immunitaire secondaire a été observée chez 18,4 % des patients. Tous 
les patients non vaccinés (16,7 %) ont montré une réponse immunitaire primaire. Sur les 244 patients 
pour lesquels la vaccination était documentée, 75,8 % montraient une réponse immunitaire primaire 
et 24,2 % une réponse immunitaire secondaire, indiquant ainsi un échec de la vaccination secondaire. 
Presque toutes les réinfections (99 %) étaient observées chez des patients âgés de plus de 10 ans, ce 
qui indique que la vaccination des enfants de 10 ans est recommandée. 
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Introduction

Exposure to the measles virus is steadily 
decreasing worldwide due to mass vaccina-
tion, and millions of people are protected 
solely by immunity induced by attenuated 
vaccines [1,2]. However, there are doubts 
about the quality and duration of vaccine-
induced immunity [3,4]. Two kinds of fail-
ures, primary failure and secondary failure, 
are attributed to measles vaccine. Primary 
failure indicates that the vaccine has not 
taken and does not induce any immuno-
logical response, while secondary failure 
indicates that vaccine-induced immunity 
against measles has waned in the years after 
vaccination [5–7]. Low vaccination age 
is known to adversely affect measles vac-
cine efficacy, mainly due to the presence of 
maternal antibodies, and this is regarded as 
primary vaccine failure [3]. Secondary vac-
cine failures, however, are largely attributed 
to the waning of primary antibody response 
over time [3,5–8].

As the serological status preceding 
measles is usually unknown, it is difficult 
by conventional means to establish the 
occurrence of secondary vaccine failures 
(waning and/or incomplete immunity) and 
related factors [3]. In a study of vaccinated 
students who donated blood just before 
infection, low antibody levels increased the 
risk of measles [9]. There is a report of 4 
health care workers who contracted measles 
despite prior successful vaccination [10]. 
Other case reports of secondary vaccine 
failure have been published, including one 
of a Chinese patient who seroconverted 
after vaccination at 8 months [3]. In a 10-
year follow-up study of children in Canada 
inoculated at 12 months of age, 6%–9% de-
veloped clinical measles [11]. In a study in 
1996–97 in the Islamic Republic of Iran 9% 
of measles cases were among previously 
vaccinated patients [7]. 

The avidity (functional affinity) of im-
munoglobulin (Ig)G antibodies has long 
been known to distinguish primary from 
secondary immune responses against many 
antigens. Virus-specific high-avidity anti-
bodies are generally associated with pre-
existing B-cell memory, whereas low-avid-
ity IgG is an indication of the primary im-
mune response [6,12–15]. Thus, avidity 
measurement can be used to assess the suc-
cess of measles vaccination [16] and offers 
a way of assessing the type of vaccine 
failure without knowledge of prior antibody 
status [15,17,18]. 

In this study in the Islamic Republic 
of Iran, conducted in 2003, we used IgG 
avidity assay to analyse sera from labora-
tory-confirmed measles patients, in order to 
determine how many were cases of reinfec-
tion (i.e. high-avidity antibodies) and how 
many were cases of primary infection (i.e. 
low-avidity antibodies). 

Methods

Samples
 Before the measles/rubella mass vaccination 
programme in December 2003, more than 
5000 serum samples of suspected measles 
cases were collected annually in all parts of 
the Islamic Republic of Iran, of which about 
55% were laboratory-confirmed as measles 
infection. In this study the low avidity anti-
measles IgG panel and study group sera 
were selected from laboratory-confirmed 
Iranian measles cases during March 2002 
to March 2003, while the high avidity anti-
measles IgG panel sera were collected from 
normal people aged 11 to 15 years old in 
Tehran, who had been vaccinated twice for 
measles at 9 and 15 months of age during 
routine vaccination programmes in the Is-
lamic Republic of Iran.
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Low-avidity anti-measles IgG panel
Sera were collected from laboratory-
confirmed measles patients aged 9 months 
to 2 years old. All sera were tested for anti-
measles IgM and IgG antibodies (Enzyg-
nost Anti-Measles Virus IgM and IgG, Dade 
Behring, Marburg, Germany). A total of 45 
serum samples which were anti-measles 
IgM- and IgG-positive were selected. Based 
on the hypothesis that measles patients who 
were less than 2 years of age had been ex-
posed to the measles virus and experienced 
a primary infection, and were not re-infected 
by measles virus, these sera were regarded 
as the low-avidity anti-measles IgG panel. 

High-avidity anti-measles IgG panel
Sera were collected from normal people 
aged 11 to 15 years old, who had been 
vaccinated twice for measles at 9 and 15 
months of age during routine vaccination 
programmes in the Islamic Republic of 
Iran. All sera were tested for anti-measles 
IgG and IgM antibodies (Enzygnost Anti-
Measles Virus IgG and IgM, Dade Beh-
ring, Marburg, Germany). A total of 45 
serum samples which were anti-measles 
IgM negative and anti-measles IgG positive 
were selected. Based on the hypothesis that 
at least 10 years after measles vaccination 
they would have high-avidity IgG against 
measles virus, these sera were regarded as 
the high-avidity anti-measles IgG panel.

Study group sera
Between March 2002 and March 2003, sera 
from acute measles cases were collected as 
part of the measles surveillance programme 
in the Islamic Republic of Iran. At the time 
of serum sample collection, a questionnaire 
about personal data and vaccination sta-
tus was completed. Cases were confirmed 
as measles when testing for anti-measles 
IgM using enzyme immunoassay (EIA) 
kits (Dade Behring, Marburg, Germany) 

gave positive IgM results. Then all anti-
measles IgM positive sera were tested for anti-
measles IgG, and negative cases were ex-
cluded from the study. In total 365 anti-
measles IgM and IgG positive cases from 
various age groups were selected. 

Avidity measurement 
All sera including low- and high-avidity 
anti-measles IgG panels and study groups 
were subjected to anti-measles IgG avidity 
assay. The avidity of IgG for measles virus 
was measured by a protein-denaturing EIA 
where the antibodies were first allowed to 
bind to the virus antigen, followed by elu-
tion with or without 6 M urea [6,9,19,20].

In preliminary experiments we com-
pared 2 dilutions of sera for the avidity 
assay. Each sample was tested at 2 dilutions 
(1:21, 1:42), and each dilution at 4 rep-
licates. For each replicate a single serum 
dilution (1:21 or 1:42) of the kit’s serum 
diluents was applied to each of 4 wells on 1 
row of EIA plates (2 wells of measles anti-
gen positive-coated and 2 wells of measles 
antigen negative-coated). After incubation 
for 1 h, test plates were washed 4 times 
according to the EIA kit procedures. Then 
2 wells (1 antigen-positive and 1 antigen-
negative) were soaked for 5 min in wash 
buffer and 2 others for 5 min in wash buffer 
containing 6 mol/L urea. Fresh buffers were 
applied and the soaking step was carried out 
twice more. The plates were then washed 4 
times with wash buffer. Then the test was 
continued according to the kit. The remain-
ing specific antibody was then detected ac-
cording to the EIA kit procedure. An avidity 
index (AI) was calculated from the optical 
density (OD) in the wells: AI = (ΔOD with 
urea/ΔOD with wash buffer) × 100 

In almost all cases the 2 dilutions gave 
similar results and higher reproducibility 
rate (99%) at 1:21 dilution; therefore all 
sera were assayed at this dilution. 
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Controls
Three controls were employed for test-
ing EIA plates: serum samples containing 
strong high-avidity, weak high-avidity and 
low-avidity anti-measles IgG antibody. The 
kit’s positive and negative controls were 
also applied.

Statistical methods
All AI values obtained from testing of both 
high and low-avidity panels were analysed 
by the classification and regression tree 
(CART) statistic method [21] using SPLUS 
software. AI values < 58.65% were classi-
fied as low-avidity and AI ≥ values 58.65% 
were classified as high-avidity. The misclas-
sification error rate was zero (0/90).

Other statistical analyses were undertak-
en using Epi-info, version 3.2.2. The labo-
ratory findings and personal data among 
study groups were compared using the chi-
squared test [22].

Results

The distribution of serum samples from the 
study group by age and measles vaccina-
tion status is given in Table 1. All samples 

were from laboratory-confirmed measles 
cases (anti-measles IgM positive) from all 
age groups. Of the 365 patients, 61 (16.7%) 
had not been vaccinated, 244 (66.8%) had 
received 1 or 2 doses of measles vaccine 
and 60 (16.4%) had unknown vaccination 
status. 

Overall, 67 (18.4%) measles cases con-
firmed by a positive IgM test exhibited 
high-avidity IgG representing secondary 
immune response to measles (i.e. secondary 
vaccine failure), while 298 (81.6%) of them 
exhibited a primary immune response indi-
cating primary measles infection (Table 2). 

The distribution of anti-measles low- 
and high-avidity IgG among the study 
group by age is presented in Table 2. Low-
avidity anti-measles IgG was detected in 
100% of patients aged < 5 years and this 
proportion decreased with increasing age to 
only 72.0% of those aged > 25 years (P < 
0.001). High-avidity anti-measles IgG was 
detected in a significantly higher proportion 
of patient aged > 25 years and 20–25 years 
respectively (28.0% and 26.7%), while only 
1 case (3.2%) was found in the 5–10 years 
age group and none in < 5 years age group 
(P < 0.001).

Table 1 Distribution of anti-measles IgM-positive cases by age and 
measles vaccination status  

Age  Total  Vaccination status No. of doses (known
(years) tested  vaccination status)
  Unknown Known  0  1  2 
  No. No. % No. % No. No. No.

< 5 56 12 21.4 44 78.6 18 12 14

5–10 31 7 22.6 24 77.4 5 12 7

10–15 55 11 20.0 44 80.0 3 13 28

15–20 93 11 11.8 82 88.2 11 47 24

20–25 105 8 7.6 97 92.4 19 64 14

> 25 25 11 44.0 14 56.0 5 9 0

Total 365 60 16.4 305 83.6 61 157 87
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The distribution of anti-measles low- and 
high-avidity IgG among the study group by 
vaccination status is shown in Table 3. 
None of the 61unvaccinated patients (0%) 
showed high-avidity anti-measles IgG and 
their measles is regarded as a primary infec-
tion. Of the 244 patients with documented 
vaccination, 185 (75.8%) showed a primary 
immune response and 59 (24.2%) showed a 
secondary immune response, thereby indi-
cating a secondary vaccine failure.

A significantly higher proportion of those 
who received 2 doses of measles vaccines 
during the vaccination programme showed 
high-avidity anti-measles IgG (34.5%) (P < 
0.001). This figure was 18.5% for those who 
received a single dose of measles vaccine 
(Table 3).

Discussion

In 1990 the World Health Organization 
(WHO) set a goal for eliminating measles 
in the Eastern Mediterranean Region, in-
cluding the Islamic Republic of Iran, by the 
end of 2010 [23]. However, in 2003, before 
the mass campaign programme for measles 
vaccination, more than 4000 cases of labo-
ratory-confirmed measles were reported 
in the Islamic Republic of Iran, most of 
whom had been vaccinated against measles 
[24]. Vaccine-induced protection has been 
well-documented to be less durable and less 
robust than naturally-acquired immunity 
against measles virus [25], and high oc-
currence of symptomatic but mild measles 
due to secondary vaccine failures has been 
found among measles patients vaccinated 
over a decade ago, especially among those 
who were revaccinated [6]. 

Understanding the reasons for primary 
and secondary vaccine failures is impor-
tant for the evaluation of measles control 
programmes in developing countries. A 
high proportion of primary vaccine fail-
ures in vaccinated patients with measles 
can indicate, for instance, problems with 
improper vaccine handling. However, the 
introduction of enhanced diagnostic tests 
for IgM detection such as IgM-capture 
EIA, with results which may be positive 
for patients with measles reinfection due to 
secondary vaccine failure, has highlighted 
the difficulty in differentiating between pri-

Table 2 Distribution of low- and high-avidity 
anti-measles IgG in the study group by age 

Age  Total  Anti-measles IgG
(years)  tested Low-avidity High-avidity
  No. No. % No. %

< 5 56 56 100.0 0 0

5–10 31 30 96.8 1 3.2

10–15 55 48 87.3 7 12.7

15–20 93 69 74.2 24 25.8

20–25 105 77 73.3 28 26.7

> 25 25 18 72.0 7 28.0

Total 365 298 81.6 67 18.4
χ2= 25.17; P < 0.001.

Table 3 Distribution of low- and high-avidity anti-measles IgG in the study group by vaccination 
status

Anti- Total  Vaccination status No. of doses (known vaccination status)
measles  tested Unknown  Known  0  1  2 
IgG No. No. % No. % No. % No. % No. %

High-avidity 67 8 13.3 59 19.3 0 0 29 18.5 30 34.5

Low-avidity 298 52 86.7 246 80.7 61 100.0 128 71.5 57 65.5

Total 365 60 100.0 305 100.0 61 100.0 157 100.0 87 100.0
χ2= 27.49; P < 0.001.



780 La Revue de Santé de la Méditerranée orientale, Vol. 12, No 6, 2006

املجلة الصحية لشرق املتوسط، منظمة الصحة العاملية، املجلد الثاين عشر، العدد ٦، ٢٠٠٦ 

mary infection or reinfection due to primary 
and secondary vaccine failure [5,6,26–28]. 
Measles reinfection due to secondary vac-
cine failure is probably more common than 
suggested by studies relying on specific 
IgM [6], because measles-specific IgM is 
also inducible by reinfection [26].

The estimation of IgG antibody avidity 
is useful for identifying primary and sec-
ondary immune responses, but there have 
been few reports of its use during measles 
outbreaks [5]. The results of the present 
study, which showed that 18.4% of 365 
measles cases confirmed by a positive IgM 
test mounted a secondary immune response, 
provide further evidence that the presence 
of IgM cannot be used as a reliable indicator 
of a primary immune response [5].

As expected, all unvaccinated subjects 
showed a primary immune response, vali-
dating the information given by the IgG 
avidity test. Analysis of the number of vac-
cine doses and the type of vaccine failure 
showed that the measles patients who had 
received 2 vaccine doses had a rate of pri-
mary vaccine failure which is significantly 
lower than that of the group of patients who 
had received a single vaccine dose. How-
ever the high proportion of cases analysed 
in the present study that were associated 
with a secondary immune response, sug-
gests that secondary vaccine failures also 
played an important role in the measles out-
breaks during 2003 in the Islamic Republic 
of Iran. The rate of measles reinfection due 
to secondary vaccine failure in the twice-
vaccinated group was significantly higher 
than that of the group of patients who had 
received a single vaccine dose, and this con-
firms other studies [5,6]. We found no cases 
of measles reinfection in the unvaccinated 
group, indicating that reinfection occurred 
among vaccinated people due to waning of 

protective immunity against measles; this 
is also compatible with the results of other 
studies [25,26,28]. 

Until recently [6], there has been a lack 
of convincing evidence for waning immu-
nity after measles vaccination without the 
boosting effect of natural infection [5,6]. 
If immunity is waning, we would expect to 
see a higher occurrence of a high-avidity 
response with increasing time since vac-
cination. This was the case in our study, 
where measles reinfection due to secondary 
vaccine failure significantly increased with 
increasing age. Almost all cases of measles 
reinfection (99%) were seen in the > 10 
years age group, indicating that vaccine-
induced immunity could wane after about 
10 years and for achieving good perfor-
mance in measles virus elimination a further 
dose of vaccine for 10-year-old children 
should be recommended. 

During December 2003 to January 2004, 
a mass campaign for measles vaccination 
was conducted in the Islamic Republic of 
Iran, and populations aged between 5–25 
years old were vaccinated by measles/rubel-
la vaccine. The results of the present study 
suggest that vaccination of the 25–30-year-
old population should be recommended, and 
that after 5 years all 10-year-old children re-
ceive a booster dose of measles vaccine. 
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