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Abstract
Background. Despite high rate of vaccination coverage with 2-doses of measles vaccine among Iranian
children, outbreaks of measles occurred among different age groups and fully vaccinated subjects.
Although the main reason for these outbreaks is unknown, however, vaccine failure was supposed to be
an important cause. This study was designed to determine the immunogenicity of measles- mumps-
rubella (MMR) vaccine currently in use among Iranian children.

Methods. This prospective study was conducted among ³ 12 month- old healthy children who were
candidates of scheduled MMR vaccination. Blood samples were obtained from each mother- infant pair
just before vaccination, and from infants 4- 6 weeks after MMR1 and MMR2 immunization. Collected sera
were tested for speci�c lgG antibodies against MMR agents using ELISA method. The proportion of
seroprotected subjects among mother- infant pairs before vaccination as well as the prevalence rates of
seroconversion after MMR1 and MMR2 vaccination were calculated. Collected data were analyzed using
descriptive statistical methods.

Results. During 22-months study period, 92 mother- infant pairs were participated. Seroimmunity rates
against MMR viruses were 85.8%, 84.7% and 86.9% for mothers, and 3.2%, 2.1% and 1.0% for children,
respectively. After MMR1 vaccination of 52 seronegative children, 80.7%, 78.8% and 75% were
seroconverted. These rates increased to 94.8%, 89.7% and 92.3% after the MMR2 vaccination. Also, the
speci�c immunity was enhanced among seropositive children.

Conclusion. Majority of the mothers and few infants were immune to MMR viruses, prior to MMR1

vaccination. Seroconversion rates detected after MMR1 injection, and overall seroprotection rates
achieved after 2-doses of MMR vaccination were less than expected and inadequate to preserve long-
term protection against MMR agents. 

Background
Measles, mumps, and rubella (MMR) are communicable viral illnesses that are preventable through
vaccination. Measles is a highly contagious infection that can be transmitted to more than 90% of
susceptible subjects and is still a major cause of death among children, particularly in children less than
5 years old [1]. About 140000 measles deaths were reported worldwide in 2018 [2]. From �rst of January-
to the end of July of 2019, more than 364806 cases of measles were reported from 182 countries in the
world; this rate surpassed 23% from the similar period in 2018[2–3].

Mumps, an acute contagious disease, most often affects susceptible children to young adults in the
closed crowded community and can be associated with serious complications such as:
meninigoencephalitis, orchitis, pancreatitis, myocarditis, and nephritis [4, 5]. Rubella, a mild
exanthematous infection, can be a real treat when infecting pregnant women especially in the �rst
trimester and can result in fetal loss or devastating multiple anomalies known as congenital rubella



Page 3/12

syndrome (CRS) [6, 7]. According to world health organization (WHO) and other authorities, all children
should receive a second dose of MMR vaccine to protect them against primary vaccine failure (PVF), and
also to boost antibody titers of the primary responders in order to provide enhanced protection against
secondary vaccine failure (SVF) [1, 8–11]. After implementation of 2 doses MMR vaccine scheduled after
the age of 12 months with high vaccine coverage rate, the incidence of these infections reduced
signi�cantly and/ or eliminated in some WHO regions or countries [1, 8–11], however, during recent years,
outbreaks of these infections particularly measles and mumps occurred, even in those subjects who were
fully MMR vaccinated and in countries where endemic transmission was interrupted [12–16]. Decreasing
seroimmunity prevalence rate and reduced vaccine e�cacy overtime have been proposed as the main
causes of these resurgence [4, 8, 9, 17–19].

While considering vaccine failure, it should be explained that either primary or secondary vaccine failure
is desired [20].

Following universal 2 doses scheduled monovalent measles vaccine (mMV) immunization of the Iranian
children from 1984, and the national measles - rubella campaign of the 5–25 year- old population in
December 2003, the incidence of measles cases in the Iran reduced markedly[21, 22]. However, despite
the high vaccine coverage rates during recent years, small outbreaks of measles have occurred even
among fully vaccinated subjects in some regions of the country [15, 16]. The main reasons for these
outbreaks are not clear.

Previous measles seroprevalence studies conducted in the Iran showed a gap between immunization
coverage rates and the proportion of those who were seroprotected [23]. The extent of this gap is
in�uenced by several factors including age at the time of initial immunization and time elapsed since the
last vaccination, as well as vaccine related factors such as: type of the virus strain, and cold chain
regulation in health care centers [24–27]. In order to determine the immunogenicity of MMR vaccine
among Iranian children, some studies were performed. The seroconversion rates against MMR agents
observed in these studies varied markedly. For example, in a study by Shamsizadeh, et al, from Ahwaz,
six months after administering MMR1 to > 12 month-old infants, seroconversion rates for measles,
mumps and rubella were 42.9%, 58.6% and 90%, respectively. These rates were 45.6%, 76.7% and 87.8%,
6 months after given MMR vaccine to 6 year- old children who were vaccinated earlier with 2 doses of
mMV [28]. Also, in another study, after administering the �rst dose of MMR vaccine to 12–15 month- old
children, seroconversion rate for measles was lower than global reported rate; 75.8% ,95.3% and 73.8% for
measles, mumps and rubella, respectively [29]. However, in a study among > 12 month- old children under
the strict control of vaccination technique and cold-chain regulation by trained vaccinators,
seroconversion rate following MMR1 was 91.2% for measles [30]. These �ndings raised concern about
possible role of PVF as a cause of measles outbreaks occurred in fully vaccinated individuals, possibly
because of poor control of cold chain and/or possible persistence of speci�c antibody beyond 12 months
of age [28–31].
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This study was designed to investigate the immunogenicity of the MMR vaccine currently in use among a
cohort of more than 12 month-old children following 2 doses of MMR vaccine given at the ages of 12 and
18 months. Also, the seroprevalence rates of speci�c immunity to MMR agents among children just
before their immunization and its possible effects on the vaccine immunogenicity were determined.

Methods And Subjects
Over a 22 months study period (1 October 2017 to 31 July 2019) healthy children aged ≥ 12 month-old,
who were brought to the primary health care centers for scheduled MMR immunization program in East
of Mazandran province, North of Iran on a voluntary basis were recruited. Children with acute illness,
those with history of chronic diseases, malignancies, immunode�ciency, febrile exanthematous diseases,
recipients of blood/ blood products; additional MMR or any measles containing vaccines, history of
prematurity (gestational age < 36 weeks and/or birth weight < 2500 grams), and any contraindications to
MMR vaccination were excluded. Standard ethical guidelines and protocols were used and the study was
approved by the Ethic Committee of the Mazandran University of Medical Sciences; IR.
MAZUM.REC1390.3073. After obtaining informed written consent from guardian, 3 cc blood from each
infant- mother pair was drawn. Four- to 6 weeks after vaccination with MMR vaccine (MMR1): [Domestic
Razi institute of serum and vaccines: Karaj- Iran (Measles: AIK- C, Mumps: Hoshino, Rubella: Takahashi
all CCID50 1000), or MMR vaccine: Serum Institute of India: (Measles: Edmonston- Zagreb; 1000 CCID 50,
Mumps; Leningrad- Zagreb CCID50 5000; Rubella wistar RA27/5 CCID50: 1000)], 3 CC blood was
obtained from vaccinated infants. Vaccines were dispensed in multi-dose (2, 5 dose/vial) and were stored
at 2–8°c and reconstituted before vaccination. Reconstituted unused vaccines were discarded after 6
hours. Collected sera were stored at- 20°c. Based on the national vaccination program in Iran, these
children cameback for scheduled second dose of MMR vaccine (MMR2) after 6 months. Four- to 6 weeks
after MMR2, 3rd venous blood samples were obtained. All collected sera (mother and infant pairs) were
tested for speci�c lgG against measles, mumps and rubella with ELISA methods, using qualitative Vircell
microbiologist (measles lgG/ lgM G/M 1001, mumps lgG/ lgM, G/ M 1014, and Rubella lg G. G/ 1026)
kits, in the University laboratory. According to manufacturer’s instructions, �rst, the mean OD for calibrator
was measured and then cut- 0ff value (Kit Content) was calculated. The results were interpreted as
antibody index which was calculated as: (sample OD/cut-off serum OD) × 10. Samples with antibody
indices < 9 were considered as negative (not containing protective speci�c antibody), 9–11 equivocal and
> 11 as positive (seroprotected and immune). Equivocal samples were rechecked, and if < 11, called as
negative and > 11 as positive. This categorization was applied for three MMR agents, ELISA Kit for rubella
was standardized to WHO international 10 UI/mL. The prevalence rates of immunity against each agent
among mother-infant pairs before vaccination were calculated. After MMR1, the proportion of responders
and mean concentration of antibodies (MCA) for each agent were determined. After MMR2, the frequency
of seroconversion rates among nonresponders to MMR1 and MCA levels of both new responders and
seroimmune subjects were calculated. Collected data were analyzed using SPSS version of 16.0. The
descriptive statistical method was used in the form of percentile for seroconversion and response rate,
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and Chi-Square and students T-test to �nd differences between variables as appropriate. Results were
considered to be statistically signi�cant when the P value was less than 0.05.

Results
For this study, during 22 months of study period, 92 mother- infant pairs were participated. 92 infants
include 43 females and 49 males; the mean age of mothers was 27.4 years (age range 21–42 years) and
the mean age of children for MMR1 and MMR2 vaccination was 12.1 and 18.3 months respectively. After
the MMR1 vaccination, of 92 participated children, 52 (56.5%) blood samples were obtained from
children, whereas after MMR2 vaccination, 39 (42.4%) participants agreed to give blood samples. As are
presented in Table 1, approximately, 85.8%, 84.7% and 86.9% of mothers were serologically immune
against M- M- R, agents, and 3, 2, 1 infants retained their seroprotection against these agents, Just before
MMR1 vaccination, respectively.

After administration of MMR1 vaccine, nearly 84.6%, 82.7% and 78.8% of seronegative vaccinated
children responded to M- M- R agents of vaccine and became IgG seroconverted. The MCAs for three
MMR agents were 22.20 ± 6.35, 18.40 ± 5.15 and 21.30 ± 5.76, respectively. After the MMR2 injection
among susceptible subjects, 4 out of 6 (66.6%) responded to measles, 3 out of 7 (42.8%) responded to
mumps, and 8 of 10 (80%) responded to rubella, and seroprotection rates for each virus approached to
94.8% for measles, 89.7% for mumps and 92.3% for rubella. The acquired MCAs were signi�cantly higher
than those after MMR1, indicating boosting of immunity. MCA was, 28.44 ± 6.17 VS 22.20 ± 6.35 P = 
0.003 for measles and 26.67 ± 5.80 VS 18.40 ± 5.15, P < 0.001for mumps 27.08 ± 7.68 VS 21.30 ± 5.76, P 
= < 0.001 for rubella. Seroimmunological characteristics of mother-infant pairs and the patterns of
immune response to administering MMR1 and MMR2 vaccine for three viral strains are presented in
Table 1.
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Table 1
Measles- Mumps- Rubella Seroprevalence pro�les among mother-infant pairs just before MMR

immunization, and seroconversion rates following administering 2–doses of MMR vaccine giving at the
ages 12 and 18 months, Sari-Iran 2018.

MMR agents Measles: n (%),
MCA ± SD

Mumps: n (%)
MCA ± SD

Rubella: n (%)
MCA ± SD

Mothers n = 92 79(85.8%), 22.40 
± 7.25

78(84.7%), 21.30 
± 5.76

80(86.9%) 19.18 
± 4.32

Infants n = 92 3(3.2%) 2(2.1%) 1(1.0%)

MMR1 n = 52 44(84.6%), 22.20 
± 6.35

43(82.7%), 18.40 
± 5.15

41(78.8%), 21.30 
± 5.76

MMR2 n = 39 37(94.8%), 28.44 
± 6.17

35(89.7%), 26.67 
± 5.80

36(92.3%), 27.08 
± 7.68

P value between MCA after dose
MMR1 and MMR2

P = 0.003 P < 0.001 P < 0.001

 

Discussion
In this study, nearly 85% of investigated mothers were serologically immune to MMR viruses. Also, few
more than 12 months’ infants showed seroprotection against these agents before their scheduled MMR1

vaccination. After administering the MMR1 to more than 12 month- old children, nearly 84, 6 %, 82,7 %
and 78.8 % of vaccinated children responded to three components of MMR1 vaccine, respectively and
seroconverted. Six months after the initial MMR immunization, most serosusceptible children showed
immunologic response to MMR2 and serologicaly achieved protection to MMR agents. Also, their earlier
acquired seroimmunity following �rst dose of MMR vaccine injection was boosted. Finally, following
administering 2- doses of MMR vaccine to children after the age of 12 months, approximately 94.8%,
89.7% and 92.3% of vaccinees acquired seroprotection to measles, mumps, and rubella, respectively.

Since primary protection against infectious diseases is provided mainly by maternal IgG antibodies
transferred actively via placenta to the fetus, higher maternal antibodies are associated with increased
levels of antibodies in the offspring. However, these antibodies disappear during �rst few months of life.
Higher levels will persist for a longer time. Giving booster doses of vaccine or natural exposure to these
agents among childbearing age women, can result in robust of their speci�c immunity and consequently
higher levels of passive immunity will appear in the infants. Therefore, the concentrations of speci�c
antibodies, particularly anti-measles in the infants may vary widely in the world [32, 33].

Based on this study �ndings, most participated mothers were seropositive against three agents of
vaccine. In addition to history of measles immunization during childhood, majority of our mothers were
reimmunized in the national program of MR campaign conducted at the December 2003 [21]. However,
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none of these mothers were immunized against mumps earlier and their immunity against mumps is the
results of natural infection. Level of antibody achieved by natural infections is usually higher and it
persists for a longer time compare to vaccine - induced immunity [32]. Therefore, this may explain the
high rates of immunity against mumps observed in our studied mothers. The high rates of immunity
against measles and rubella may be due to positive impact of MR reimmunization performed 13-
to15years earlier or it could be the result of exposure to natural infection in the past. Similar results are
reported recently among Iranian childbearing age women with the same age [34]. In a nationwide
seroprevalence study among Iranian girl at the verge of marriage that were MR reimmunized 13-14years
earlier, results showed that 80,7% (70.3-to 89.5%) and 90.6% (81.2-to 95%) were immune to measles and
rubella, respectively. There was a sharp difference between those who were MR vaccinated and those
who were not. They concluded that these high rates of seroimmunity were the positive impact of MR
revaccination [34].

According to our data, a few children were seroimmune to MMR agents just before MMR1 vaccination
detected by ELISA method. The exact origin of these antibodies is not clear, but most probably is
maternal. In a similar study from the region among 112 mother-infant pairs in year 2008, (5-years after
the national MR campaign), nearly 6.2% and 10.7% of 12 month- old infants, all from MR reimunized
mothers, retained their seroimmunity to measles and rubella, respectively [35]. Also, in another similar
study from southeast of Iran, nearly 3.7% of 12 months old infants just before MMR1 vaccination were
serologically immune to measles detected by ELISA[30]. The point of concern is that ELISA methods is
not sensitive enough to detect low titers of measles antibodies. Therefore, if more sensitive methods are
used, higher proportion of infants may retain their passive immunity just before MMR1 immunization [36].
MMR vaccine is a live attenuated vaccine and presence of speci�c antibodies could negatively impact on
the immunogenicity of the person. After giving scheduled MMR1 vaccine to more than 12 month- old
seronegative children in this study, nearly 15%, 17%, and 21%, of vaccinated children remained
seronegative to MMR agents, respectively [primary vaccine failure (PVF)]. Failure to seroconversion (PVF)
is possibly due to the persistence of maternal antibodies in children vaccinated at younger age and is
believed to be the principal reason to why some vaccinees remained susceptible to measles [20],
although vaccine-related factors such as inappropriate handling of the vaccine and poor cold-chain
regulation should not be ignored [26, 28, 30, 37]. In this regard, in our earlier study the impact of speci�c
antibodies on the immunogenicity of MMR vaccine giving after the age of 12 months was investigated.
Results showed that lower serocoversion rates and lower levels of speci�c antibodies were observed
among infants with retained maternal antibodies beyond the age of 12 months than those without
retained maternal antibodies [35]. Also, in a comparative study between two groups of children that were
vaccinated with 2 doses of MMR vaccine scheduled at the ages of 15 months and 6 years VS 12 and 18
months, the immunogenicity of MMR vaccine was investigated. Results showed lower rates of
seroconversion among both groups of children just before giving MMR2: 74%, 82.3%, and 68% VS 78.9%,
68% and 68% respectively. After MMR2, these rates approached to 94.4%, 94.4% and 92.4% VS 98.2%,
97%, and 87%, respectively [38]. Similar to our results were also reported in one study from Tehran [29]. In
that study which was performed by Tabatebaei et al, the immunogenicity of MMR1 vaccine was
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investigated among 12–15 month-old Tehranian children. Their results showed that following MMR1

vaccination, 75,8%, 95,3%, and 73,8%, of vaccinated children were seroconverted, to measles, mumps, and
rubella respectively [29]. Furthermore, in a similar study, the immunogenicity of MMR vaccine
administered to ≥ 12 month-old children under the strict control of researchers for cold-chain regulation,
the seroconversion rate was 91.2% [30]. The possible negative impact of poor cold-chain controlling on
the immunogenicity of measles containing vaccine was also postulated by other researchers [28, 37].
When comparison was made between our �ndings and other data from the Iran with those that were
reported worldwide [1, 8, 11, 24, 25], the rates of PVF detected in Iranian studies were higher. In most of
these studies administering MMR1 vaccine at the age 12–13 months, was associated with 90–95%
seroconversion rates for M-R component of the MMR vaccine [1, 24, 25]. The main possible reason for the
higher rates of PVF observed in our study as well as other studies from Iran may be due to presence of
low concentrations of speci�c antibodies, particularly anti- measles antibody, undetectable by ELISA
method, and its negative in�uence on the immunogenicity of the MMR vaccine. However, the possible
negative impact of technical problems in vaccination procedure should be also considered. Further
studies are recommended to investigate the presence of speci�c antibodies, particularly measles
antibody by a more sensitive method just before MMR1 immunization at the age 12-13months as well as
its effects on the immunogenicity of MMR vaccine. Also, periodic educational sessions for vaccinators
are suggested to improve vaccination techniqes, particularly cold-chain regulation.

Most serosusceptible children following MMR1, acceptably seroconverted with boosted antibodies after
administration of MMR2 at the age of 18 months. However the overall seroprotection rates detected in
this study were lower than expected in the world. Results of most studies indicated that vaccination with
2-doses of MMR vaccine after the age of 12 months is associated with > 95–98% seroconversion rate [1,
8–11], but the results of most studies from Iran vary considerably [28, 38]. While the result of one study
from north of Iran showed seroconversion rates of 98,2% and 94,4% after MMR2 given at the age of 6
years or 18 months [38], respectively, in another study from Ahwaz 6 months after MMR vaccination of
6.5 year- old children with history of 2-doses of monovalent measles vaccination at the ages of 9 and15
months, the seroprevalence rate was 45.6%, for measles ,76.7%for mumps and 87.7% for rubella [28].
However, our data in this study indicated acceptable, but not optimal seroprotection rates among Iranian
children following two-doses of MMR immunization.

While considering these rates of seroprotection along with 97%of vaccine coverage rates in all districts of
the country a population immunity rate of 89.9%, 87.6% and 89.9% for MMR agents could be estimated,
respectively. The concerning point is that vaccine- induced antibodies against measles and mumps
decrease faster over time compare to rubella [17–19] (secondary vaccine failure). Therefore, an
increasing number of potentially measles-mumps susceptible population will accumulate in the
community and facilitate outbreaks even among fully vaccinated subjects [12–14]. However, this rates of
herd immunity against measles is lower than is required to eliminate/sustain measles elimination [ 8–
11]. The rates for mumps and rubella are at the lowest threshold to eliminate mumps and rubella
epidemics [4, 8]. Therefore, in mid-and long-term, these levels of immunogenicity are challenging, and
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raise concern about the sustaining measles- rubella elimination in the country with certi�cate of
elimination which was achieved in the last 2 years [39]. In this regard, monitoring and controlling cold-
chain regulation in the primary health care centers to preserve vaccine potency, and periodic
serosurveillance to monitor immunity against MMR agents are recommended. Further studies with larger
sample size using more sensitive laboratory methods to measure low levels of speci�c antibodies just
before MMR1 immunization are suggested. If these results are con�rmed by further studies, changing the
age of the �rst dose of MMR vaccine to 14 to15 months and/or considering additional universal dose of
MMR vaccine at the older age are recommended.

The main limitations of this study include its small sample size and also using two brands of MMR
vaccine interchangeably that may in�uence the �nal results.

Conclusions
Based on the study �ndings, the immunogenicity of the MMR vaccine currently in use in the country is
acceptable in short-term. However, to maintain mid-to long-term herd immunity, national or regional
supplementary immunization activities seem reasonable. Similar studies with larger sample size in
different regions of the country are recommended to measure speci�c antibody concentration particularly
measles antibody with a more sensitive method before �rst dose of MMR administration and also
consider strict control of cold-chain and vaccine administering techniques to assess the MMR vaccine
immunogenicity.
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