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Aims: The goal of the present study was to establish the efficacy of the measles vaccine and 
the validity of the vaccination schedule adopted in Italy. Materials & methods: The following 
procedures are adopted: analyze the compliance to the vaccination schedule; assess the 
seroprevalence of measles antibodies according to the year of birth and the number of doses; 
and investigate the persistence of positive antibodies post-vaccination. We gathered and 
elaborated data of both vaccination history and seroprevalence against measles in a large 
population of students (4195) belonging to the Medical School of Padua University (Italy). 
Results: Our results reveal a requirement for a two-dose vaccination schedule to ensure 
protection from the disease. Nevertheless, these results clearly indicate that the percentage 
of seropositivity reached using the two-dose strategy is below the percentage (95%) that 
ensures optimal population immunity. Conclusion: It is uncertain whether immune coverage 
persists when circulating antibodies vanish, but two vaccine doses should prevent disease 
outbreaks.
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Measles vaccination has been recommended in Italy since 1979 (one-dose schedule) [1]; neverthe-
less compliance has not exceeded 50%, most likely due to the low consideration of facultative 
vaccinations [2]. The vaccine schedule (two doses, not mandatory) for measles, mumps and rubella 
(MMR) was introduced in 1999 [3] and the approval of the National plan for the eradication of 
measles and congenital rubella [4] according to the objectives of WHO [5], led to an increase in 
the implementation of the vaccine in individuals younger than 24 months from 74.1% in 2000, 
to 89.1% in 2008 [6]. At present, the vaccine coverage in Italy for measles is almost 90%, with 
large regional variations.

The vaccination schedule for MMR consists of a first dose in the second year of life and, 
according to an elimination plan [4], a second dose at 5–6 (recommended) or 11–12 years of age. 
As a consequence, the incidence of measles dramatically decreased from 31.6/100,000 in 2002 to 
8.7/100,000 in 2008 [6] and 3.6/100,000 in 2013 [7]. Several MMR vaccine types have been used 
in Italy, such as Pluserix® (GlaxoSmithKline, Schwarz strain), Priorix® (GlaxoSmithKline, Schwarz 
strain), Triviraten® (Berna, Edmonston-Zagreb strain), Morupar® (Sclavo-Chiron, Schwarz strain) 
and MMRII® (Aventis-Pasteur, Edmonston 749D strain).

Despite the increase of vaccination coverage and decrease of measles incidence, several outbreaks 
have occurred in Italy in recent years [8–12], as in other European countries including Romania, 
Germany, UK and Switzerland [13].

Measles eradication is also needed because the rate of serious complications is equal to 80% in 
patients with immunodeficiency [14] and the death rate is 70% in oncological patients and 40% 
in HIV seropositive patients [15].
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Figure 1. Enrollment and outcomes. Percent of males and females to the total individuals of the specific group.
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The two-dose schedule is strongly recom-
mended because it has been recognized [16] that 
the effectiveness of the first vaccination is greater 
than 95%, increasing to more than 99% after 
the second dose and that immunity persists 
for an extended period; 15 years after the sec-
ond dose of MMR vaccine, the rate of measles 
seropositivity was approximately 95% [17].

The objectives of the present study performed 
in a large cohort of students belonging to the 
Medical School of Padua University are: to pro-
vide an analysis of vaccination history (age of 
vaccination, number of doses, interval between 
doses and vaccination schedule) and compliance 
to vaccination, to verify the seroprevalence of 
measles antibodies to establish the efficacy of the 
current vaccination protocol and to investigate 
the persistence of seropositivity after vaccination.

Materials & methods
●● Setting

According to Italian law on safety and health 
(legislative decree 81/08), students belonging to 
degree courses of the Medical School of Padua 

University (medicine and surgery, dentistry and 
health professions) have been subjected to health 
surveillance since 2004. During this period, 
5116 students had been screened for antibodies 
against transmissible but preventable diseases 
and 4195 were enrolled according to the decision 
flow chart represented in Figure 1.

In addition, the casuistry was subdivided into 
five age classes illustrated in Table 1.

During medical examination, a history of pre-
vious measles infection or vaccination has been 
collected and, if available, the booklet of vac-
cination had been included with their medical 
documents.

The research is based on data gathered dur-
ing health surveillance, then an evaluation by an 
ethical committee was not required.

●● Measurement of measles antibodies
The measurement of antimeasles IgG antibod-
ies was carried out in all 4195 enrolled students 
using commercial ELISA Enzygnost (Dade 
Behring, Marburg, Germany). Antibody levels 
were reported as positive (higher than 300 IU/l), 

Booklet of vaccination
2032, age 22.5 ± 3.6

600 males (29.5%) age 23.4 ± 3.8
1432 females (70.5%) age 22.2 ± 3.5

Foreign or no markers
921 not included

All students
5116

No history of disease
1744, age 22.1 ± 3.0

478 males (27.4%) age 22.8 ± 3.1
1266 females (72.6%) age 21.8 ± 2.9

History of disease
288, age 25.4 ± 5.3

122 males (42.4%) age 25.8 ± 5.2
166 females (57.6%) age 25.1 ± 5.4

Enrolled Italian students
4195, age 22.7 ± 4.6

1254 males (29.9%) age 23.9 ± 5.1
2941 females (70.1%) age 22.1 ± 4.2

No booklet of vaccination
2163, age 22.8 ± 5.3

654 males (30.2%) age 24.3 ± 6.0
1509 females (69.8%) age 22.1 ± 4.9 

 No vaccination
187, age 26.7 ± 5.9

76 males (40.6%) age 27.3 ± 5.9
111 females (59.4%) age 26.4 ± 5.9 

 No vaccination
185, age 24.4 ± 5.0

63 males (34.1%) age 25.4 ± 5.7
122 females (65.9%) age 23.9 ± 4.5 

 Vaccinated once
85, age 23.2 ± 2.3

37 males (43.5%) age 23.6 ± 1.7
48 females (56.5%) age 22.9 ± 2.7 

 Vaccinated once
927, age 22.3 ± 2.7

259 males (27.9%) age 22.9 ± 2.3
668 females (72.1%) age 22.1 ± 2.7 

 Vaccinated twice
632, age 21.0 ± 2.1

156 males (24.7%) age 21.7 ± 2.0
476 females (75.3%) age 20.8 ± 2.1 

 Vaccinated twice
16, age 21.0 ± 2.1

9 males (56.3%) age 21.9 ± 2.0
7 females (43.8%) age 19.9 ± 1.6 

History of disease
413, age 26.2 ± 7.3

145 males (35.1%) age 26.8 ± 7.1
268 females (64.9%) age 25.9 ± 7.4

No history of disease
1750, age 22.0 ± 4.4

509 males (29.1%) age 23.6 ± 5.4
1241 females (70.9%) age 21.3 ± 3.7 
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negative (lower than 150  IU/l) or equivocal 
(150–300 IU/l measles). Equivocal results were 
statistically processed as positive according to a 
position paper by the WHO [18].

●● Statistics
χ2 test 2 by 2 (Yates correction) was the pre-
vailing statistical method used to compare 
the seroprevalence of measles antibodies. 
Parametric (unpaired t-test) and nonparametric 
(Mann–Whitney U test) tests were employed to 
compare the means. Other statistical analyses, 
such as the mean ± standard deviations (SD) 
and the median are descriptive. Significance 
is considered when p < 0.05. Statsdirect 2.7.7 
version (Statsdirect Ltd, UK) was used for the 
statistical analyses.

Results
The cohort with the booklet of vaccination 
(2032 students) reveals an overall compli-
ance to vaccination of 81.7% that progres-
sively increased in subjects born after 1980 and 
reached a peak (93.1%) in those born after 1988 
(Figure 2A). Females (83.7%) were significantly 
(χ2 = 13.089, p = 0.0003) more favorable to vac-
cination than males (76.8%) (data not shown). 
As illustrated by Figure 2B, the majority of chil-
dren born before 1985 were vaccinated with one 
dose, whereas those born after this year were vac-
cinated almost equally with one and two-dose 
schedule. A further analysis reveals that among 
individuals treated once, those born before 1985 

were vaccinated against measles alone, whereas a 
progressively increasing number of children born 
since 1985 received a combined MMR vaccine 
(Figure 2C). Differently, among individuals vac-
cinated twice, those born before 1985 received 
at least one dose of the MMR vaccine and most 
subjects born after 1988 received two doses of 
the MMR vaccine (Figure 2D).

The vaccination was significantly delayed 
(p < 0.0001) in subjects vaccinated once (mean 
age 4.07 years) compared with those vaccinated 
twice (mean age 2.54 years) (Table 2). Moreover, 
this significant delay persists after subdividing 
the subjects according to years of birth (Table 3). 
In the twice-vaccinated students, the interval 
between the doses was 9.96  years (average), 
with no gender differences, and the second vac-
cine dose was administered during adolescence 
(mean age 12.48 years).

The prevalence of positive measles antibod-
ies measured in all enrolled students (4195) was 
84.8%, consistent with what has been previ-
ously observed (86.3%) [19]. No significant dif-
ference was found according to gender. Students 
declaring a history of disease showed 93.3% 
seropositivity, significantly higher (χ2 = 9.153, 
p = 0.0025) than the 85.5% detected among 
the vaccinated individuals, independent on their 
disease history (data not shown).

A further analysis of seroprevalence has been 
performed by splitting the entire cohort into 
two subpopulations of individuals according to 
whether they were born before (544 students) 

Table 1. Subdivision according to age (year of birth classes) and gender of students enrolled to 
study measles seroprevalence.

Year of birth classes   Total Booklet Vaccination

No Yes No Once Twice

<1980 All 544 456 88 75 13 0
  Males 235 198 37 33 4 0
  Females 309 258 51 42 9 0
1980–1982 All 518 386 132 56 67 9
  Males 170 123 47 27 18 2
  Females 348 263 85 29 49 7
1983–1985 All 1304 663 641 135 393 113
  Males 404 190 214 48 128 38
  Females 900 473 427 87 265 75
1986–1988 All 1242 619 623 68 285 270
  Males 350 130 220 26 112 82
  Females 892 489 403 42 173 188
>1988 All 587 39 548 38 254 256
  Males 95 13 82 5 34 43
  Females 492 26 466 33 220 213
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Figure 2. Vaccinated students (see facing page). (A) Percent of vaccinated students regardless of 
vaccination schedule according to date of birth class; (B) percent of vaccinated students depending 
to vaccination schedule (one or two doses), according to date of birth class; (C) percent of vaccinated 
students depending on vaccination with one dose of measles vaccine only or MMR vaccine, 
according to date of birth class; (D) percent of vaccinated students depending on vaccination with 
two doses of measles vaccine only or two MMR vaccine doses, according to date of birth class. 
MMR: Measles, mumps and rubella.
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or during or since 1980 (3651 students), cor-
responding to the date when the vaccination 
recommendation began  [1]. The students born 
before 1980 showed a significantly higher preva-
lence of positive antibodies (93.0%, χ2 = 31.755, 
p < 0.0001) than those born after 1980 (83.6%) 
(Figure 3A). As illustrated below, vaccination sig-
nificantly increased (χ2 = 34.994, p < 0.0001) 
the rate of equivocal results in the latter group 
(8.0%) compared with the former (0.9%). If 
equivocal results were processed as positive, no 
statistical difference was observed.

The second goal of this round of analysis 
was to correlate the seropositivity and vaccine 
schedule. Therefore, the vaccination history of 
the subpopulation of the 1744 students with a 
booklet of vaccination and without a personal 
history of measles was analyzed. These stu-
dents were subdivided into three subgroups as 
follows: unvaccinated (185 students), vacci-
nated once (927 students) and vaccinated twice 
(632 students).

The prevalence of measles antibodies in all 
subjects is shown in Figure 3B. The student with 
a booklet attesting no vaccination showed a 
significantly lower prevalence (61.1%) than 
those vaccinated once (84.8%, χ2 = 54.459, 

p < 0.0001) and those vaccinated twice (86.9%, 
χ2 = 60.234, p < 0.0001). Again, an increase 
of equivocal results was observed in both the 
once- (9.4%, p = 0.0353) and twice-vaccinated 
subjects (9.0%, p = 0.0547) compared with the 
unvaccinated subjects (4.3%). This difference 
(data not shown) was significantly more evident 
in males (the 4.8% rate of equivocal results in the 
unvaccinated students increased to 12.0% after 
one dose and to 12.8% after two doses) than in 
females (the 4.1% rate of equivocal results in the 
unvaccinated students increased to 8.4% after 
one dose and to 7.8% after two doses). In con-
trast the females showed significantly higher (p 
= 0.0286) prevalence of positivity (88.7%) than 
the males (81.4%) after two doses, but no signifi-
cant difference was measured in seropositivity 
according to the number of vaccine doses.

Given these data, for the third round of 
analysis, we addressed the question of whether 
seroprevalence was influenced by the time inter-
val (years) since the last dose. The persistence 
of positive antibodies was therefore evaluated 
using a time interval of 10 years (≤10>) since the 
last dose in both the individuals vaccinated with 
one dose and those vaccinated with two doses. 
The rate of antibody positivity decreased (not 
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significantly) from 87.7% within 10 years of the 
vaccination to 84.6% 10 years after the vaccina-
tion in individuals who received one dose of vac-
cine. Moreover, no change was observed aggre-
gating equivocal with positive data (94.7 and 
94.1%, respectively). In the twice-vaccinated 
subjects seropositivity significantly (p = 0.0127) 
increased from 84.1% within 10 years of vac-
cination to 91.3% 10 years after the vaccine. 
On the other hand, aggregating equivocal and 
positive results, no statistical difference was 
observed, increasing seropositivity to 94.7% 
(one, ≤10  years), 94.1% (once, >10  years), 
94.9% (twice, ≤10 years) and 97.5% (twice, 
>10 years).

Discussion
The results of the present research support 
that vaccination compliance, according to the 
hypothesis that the parents of children born after 
vaccine recommendations [1] were more inclined 
to vaccinate their children, has been found to 

have consistently and progressively increased in 
medicine, dentistry and health profession stu-
dents born since 1980 compared with those born 
before 1980.

In contrast, birth before 1980 appears to be a 
condition for positive antibodies against measles. 
In 1984, 50% of children 2.9–5.5 years were 
recognized to be naturally immune to measles 
in Italy  [20]. This, in the prevaccination era, is 
most likely related to wild-type virus circulat-
ing in Italy before vaccine recommendations. 
According to self-reported personal histories, 
41.0% of students born before 1980 declared 
measles infection compared with 13.1% of those 
born after 1980. In addition, the geometric mean 
of positive antibody titres was higher in students 
born before 1980 (4395 IU/l) than in those born 
since 1980 (1595 IU/l), supporting this evidence. 
Accordingly, other authors [21] ascribe this sero-
positivity to the acquisition of natural immunity 
from exposure to widespread circulation of wild-
type virus in the prevaccination era.

Table 2. Age of vaccination, interval between vaccination and marker measurement, and 
interval between first and second dose (if any) of 1559 students at the Padua University Medical 
School with a booklet of vaccination and declaring no history of disease.

  Mean ± SD Median

One dose of vaccine (927 students)

Age (years) of vaccination 4.07 ± 3.8* 2
Interval between vaccination and marker 
measurement

19.1 ± 4.4 20

Two doses of vaccine (632 students)

Age (years) of first vaccination 2.5 ± 1.6* 2
Age (years) of second vaccination 12.5 ± 2.3 12
Interval between first and second dose 9.9 ± 2.3 10
Interval between vaccination and marker 
measurement

9.4 ± 3.3 9

*p < 0.0001 between age at the first vaccine dose according to vaccination schedule (one or two doses).

Table 3. Year of birth of students at the Padua University Medical School according to the age of 
their only (one-dose schedule) or first (two-dose schedule) measles vaccine†.

 Birth date Age at vaccination (1 dose 
schedule)

Age at the first dose (two dose 
schedule)

p-value‡

No. Mean ± SD No. Mean ± SD

Before 1980 28 6.2 ± 4.9 §    
1980–1982 43 7.7 ± 6.8 9 2.8 ± 1.3 0.0115
1983–1985 349 3.9 ± 3.5 112 2.6 ± 2.2 <0.0001
1986–1988 263 4.2 ± 0.9 261 2.4 ± 1.2 <0.0001
After 1988 244 3.3 ± 2.9 250 2.6 ± 1.7 0.007
†Casuistry is the same as Table 1.
‡Mann–Whitney U test.
§No child born before 1980 was vaccinated twice. 
SD: Standard deviation.
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Figure 3. Seroprevalence of measles antibodies. (A) Seroprevalence of measles antibodies in 4195 
students enrolled in the study according to their birth before or since 1980, (B) and seroprevalence of 
measles antibodies in students with the booklet of vaccination.
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A significant increase in equivocal results was 
observed in students born after vaccine recom-
mendation and implementation, but according 
to the recent position paper by the WHO  [18], 
equivocal results should be protective, stating that 
“although vaccine-induced antibody concentrations 
decline over time, immunological memory persists.” 

Furthermore, the ELISA method to evaluate 
measles virus-specific antibodies underestimates 
seroprevalence by approximately 4% [22].

Among students with a booklet of vaccina-
tion, vaccine compliance appears to result in a 
large immune coverage, but it is not clear because 
the students who were vaccinated twice were 
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correctly dosed the first time in the second year 
of life, whereas those who were vaccinated once 
were dosed after the fourth year of life. Therefore, 
a clear age watershed was observed in the choice 
between one and two dose vaccination schedules 
corresponding to birth before or since 1985.

The two-dose schedule of measles vaccination 
was introduced in Italy in 1999 [3] to achieve the 
objective of measles elimination. The choice of a 
two-dose schedule is based on the evidence that 
the transmission of measles is possible in children 
who receive only one dose of vaccine [23] because 
primary vaccination failure occurs at rates of 
4–8% [24,25].

Our results show a clear choice of a one-dose 
schedule for individuals born before 1985 and a 
two-dose schedule for those born since 1985. In 
addition, measles vaccine alone was administered 
to the former group, and the MMR vaccine was 
administered to the latter group.

On the other hand, Kremer et al. [26] suggest that 
a second dose of vaccine is not required because it 
does not further increase measles seroprevalence. 
Accordingly, the seroprevalence analysis performed 
on the entire group of vaccinated students appears 
to confirm this conclusion: no significant increase 
of seropositivity was observed in individuals vac-
cinated twice. The analysis performed on two 
subgroups of people according to the time-interval 
elapsing from the first or second vaccination (con-
sidering 10 years as the reference value), showed no 
significant increase in seroprevalence after more 
than 10 years after the second vaccination.

Thus, immunological response is not only per-
sistent as previously described  [17,27–29] but also 
potentiates over time. The explanation of these 
results could be related to the age of double-vac-
cinated individuals. Ten years after the second 
vaccination, subjects become adults and thus have 
increased measles contact due to different social 
and occupational habits. In this time frame, the 
amplified positivity corresponds to an immuno-
logical reaction to measles, which is favored by the 
immunological sensitization mediated by the sec-
ond dose. Taken together, these findings unequivo-
cally support the conclusion that the vaccination 
schedule based on two doses is recommended, 
although the actual coverage is far from what is 
expected after 15 years from the second vaccine 
dose [17].

Conclusion
To our knowledge, this is the first study on the 
effectiveness of different vaccination schedules 

against measles in Italy. The results raise relevant 
questions on immune coverage of young adults 
and on the effectiveness of the two-dose vac-
cine schedule in eliminating measles. The study 
clearly notes that subjects born in the prevaccina-
tion era have a higher prevalence of positive anti-
bodies than those born in the vaccination era, 
most likely because they had greater exposure 
to wild-type virus and no significant variation 
of seroprevalence was detectable in time, with 
positivity persisting for several years (indepen-
dently of the vaccination schedule). A two-dose 
vaccination schedule is therefore strongly recom-
mended. Finally, although the increase in vac-
cine compliance after 1979 is easily explained, 
we have no clear explanation for the increase in 
the choice of the two-dose schedule since 1985 or 
for the increase in the use of the MMR vaccine 
since 1988, considering that the MMR (offered 
free of charge) and two-dose schedule have been 
recommended in Italy only since 1995 [30] and 
1999 [3], respectively.

Future perspective
Measles is a diffuse infectious disease with 
possible serious complications, and natural or 
acquired immunity is decisive in preventing 
measles outbreaks. Apparently, the effectiveness 
of two doses of vaccine is greater than 99% [16], 
enough to achieve herd immunity, defined as 
95% effectiveness in the population [31]. In con-
trast, our study evidenced that the compliance 
to vaccination is high (∼82%) but insufficient 
and that the percentage of positive antibodies is 
far from the level required for herd immunity.

Another question is whether the negative 
subjects and the equivocal subjects were non-
responders or had ‘lost’ their circulating anti-
bodies. The revaccination and measurement 
of antibodies in a small (39%) group of nega-
tive subjects and equivocal subjects shows that 
86.4% became positive again (data not shown). 
Is it reasonable to assume that approximately 
10% of the population are nonresponders? It is 
uncertain whether vaccination coverage equaled 
immune coverage even when circulating anti-
bodies vanished. Alternatively, two vaccine 
doses should prevent disease outbreaks. In the 
near future, every effort will need to be made to 
ensure that good vaccine coverage is maintained.
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Executive summary
Background

●● 	The implementation of vaccination against measles dramatically decreased the incidence of the disease and the 
effectiveness of vaccination is stated greater than 95% after the first dose and greater than 99% after the second dose.

Aims

●● 	The study was to establish the efficacy of the measles vaccination in Italy and the validity of the vaccination schedule 
adopted.

Results

●● 	The results show an increased compliance to vaccination according to vaccination implementation in Italy. 
Aggregating positive and equivocal results 94.2% after the first dose and 95.9% after two doses of our vaccinated 
population showed immune coverage.

Conclusion

●● 	The young adults are commonly favorable to vaccination against measles and vaccine seems to give a good 
immunization coverage. However, the question whether negative or equivocal subjects are nonresponders or whether 
their circulating antibodies had vanished remains an relevant issue.
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