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Background. Levels of antibodies induced by the measles virus–containing vaccine have been shown to decline over time, but 
there is no formal recommendation about testing immunized subjects (in particular, healthcare workers [HCWs]) to investigate the 
persistence of measles immunoglobulin G (IgG).

Methods. This study aims to evaluate the long-term immunogenicity of measles vaccine in a sample of medical students and 
residents of the University of Bari who attended the Hygiene Department for a biological risk assessment (April 2014–June 2018).

Results. Two thousand immunized (2 doses of measles-mumps-rubella [MMR] vaccine) students and residents were tested; 305 
of these (15%) did not show protective anti-measles IgG. This proportion was higher among subjects who received vaccination at 
≤15 months (20%) than in those who received vaccination at 16–23 months (17%) and at ≥24 months (10%) (P < .0001). After an 
MMR vaccine booster dose, we noted a seroconversion of 74% of seronegative HCWs. The overall seroconversion rate after a second 
dose (booster) was 93%. No serious adverse events were noted after the booster doses.

Conclusions. An important proportion of subjects immunized for measles do not show a protective IgG titer in the 10 years after 
vaccination. Our management strategy seems consistent with the purpose of evidencing immunological memory.

Keywords.  healthcare workers; booster dose; duration of immunization.

Measles is a viral vaccine-preventable disease that may adversely 
affect infants and adults. The World Health Organization 
(WHO) reported 173 330 cases of measles in 2017 worldwide 
(almost 90 000 deaths in 2016) [1]. According to postlicensure 
data, 1 dose of measles-mumps-rubella (MMR) vaccine is 93% 
effective and receipt of 2 doses is 97% effective against measles 
[2]. Since the introduction of global mass vaccination, the vac-
cine showed high safety [3], cost savings [4], and efficacy; cases 
of measles decreased 99.9%, with >20 000 000 saved lives [5].

In Italy, single-antigen measles vaccine was introduced in 
the 1970s and 1980s [6]. Since 2003, the national vaccination 
schedule has recommended a universal mass vaccination using 
2 doses of MMR vaccine, following the Centers for Disease 
Control and Prevention (CDC) recommendations (the first 
dose at 12–15 months and the second at the age of 5–6 years) 

[2]. Although this very important vaccination campaign was 
carried out [7], measles elimination has never been reached 
due to suboptimal vaccine coverage [8]. Coverage achieved in 
newborns cohorts ranged between 85.4% and 91.6% for 1 dose 
during the period 2007–2017 [8, 9], far from the minimum 
coverage (95%) planned by public health institutions for the 
goal of measles circulation interruption [10]. In this context, in 
2017 a measles epidemic has broken out, with >7000 cases, 12 
confirmed deaths, and >400 cases among healthcare workers 
(HCWs) [11, 12]. The median age of cases is 26 years, and >70% 
of cases occur in people aged >14 years [11, 12]; 1.5%–6% of 
cases were reported in fully vaccinated subjects, although we do 
not know if they had circulating antibodies at the time of con-
tact with the virus.

The question of the long-term persistence of anti-measles 
immunoglobulin G (IgG) among vaccinated subjects has been 
poorly investigated; the few recommendations available re-
garded HCWs. Nonseroprotected HCWs are an important issue 
in public health, representing a risk both for themselves and for 
patients, and many studies in the literature assert this concept 
[13–15].

Prelicensure studies have indicated that protective levels of 
antibodies induced by the MMR vaccine persist lifelong; ac-
cording to results of more recent studies, the levels of antibodies 
have been shown to decline over time and may persist for 
15–20 years [16]. Furthermore, immunization strategies could 
influence the effectiveness and the long-term immunogenicity 
of the MMR vaccine, as recent studies have shown for pertussis 
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[17]. In particular, the reduction of natural booster could be re-
lated with a decline of the IgG level in fully vaccinated persons.

Our study was carried out in Apulia (southern Italy, around 
4 000 000 inhabitants), where the anti-MMR vaccine coverage is 
around 91% (in the year 2017, birth cohort 2015) [8] and where 
in 2002–2003 a large outbreak (around 20 000 cases) was docu-
mented [18], followed by many outbreaks in subsequent years 
[19, 20] with documented cases of nosocomial transmission 
[13, 20]; many studies have evaluated the prevalence of anti-
measles IgG on Apulian blood donors, showing a value around 
5%–6% of nonimmunization, with the highest prevalence of no 
seroprotection in young adults (18–26 years old) [21, 22]. These 
data show how Apulia (but the context is not so different from 
the rest of Italy) is a region with a real risk of measles circu-
lation, and therefore it is necessary that HCWs are evaluated 
for immunization status and the long-term persistence of anti-
bodies against measles.

METHODS

This was a retrospective cohort study. This study aimed to eval-
uate the long-term immunogenicity of the measles component 
of MMR vaccination and the effectiveness of the strategy for 
the management of immunized subjects who did not show IgG 
against measles (reported as “nonresponders”). On the model 
of the hepatitis B vaccine [23], we define nonresponder as a 
person without a history of measles infection who has a docu-
mented history of an age-appropriate primary course of MMR 
vaccine, but with a current anti-measles nonseroprotective titer 
(≤16.5 AU/mL).

According to the Italian Ministry of Health’s recommenda-
tions [24], in April 2014 the Hygiene Department of the Bari 
Policlinico University Hospital planned a biological risk pre-
vention program for students and residents (physicians in 
postgraduate training) of the Medical School of the University 
of Bari. The study sample is composed of students and resi-
dents who attended the Hygiene Department from April 2014 
to June 2018. Subjects without an available vaccination history, 
never vaccinated, or vaccinated with a single dose of MMR 
vaccine at baseline and with a history of measles infection were 
excluded from the study. Informed consent was routinely col-
lected during clinical procedures. People enrolled in the study 
gave informed consent on the use of data collected for clin-
ical procedures for publication. This research was carried out 
according to the principles of the Helsinki Declaration. We 
considered in this survey only students and residents who had 
received, at the time of the enrollment, 2 doses of MMR vac-
cine (vaccine basal routine). The vaccination status of enrolled 
subjects was assessed by the Regional Immunization Database 
(GIAVA) [21]. GIAVA is a computerized vaccination registry 
that allows, for every Apulian inhabitant, to ascertain the vac-
cination history and eventually generate the immunization 
schedule.

For each enrolled participant, a 5-mL serum sample was 
collected to assess the immunity/susceptibility status for mea-
sles and tested by chemiluminescence immunoassay, using 
LIAISON measles IgG, a semiquantitative method, performed 
with a standardized commercial method (Diasorin). The 
LIAISON measles IgG cutoff value (>16.5 AU/mL) equates to 
175 mIU/mL (WHO Third International Standard for Anti-
measles, National Institute for Biological Standards and Control 
code 97/648) [21, 25].

Tested subjects who showed a nonprotective IgG titer re-
ceived a booster dose of MMR vaccine (M-M-RVAXPRO, 
administered subcutaneously in the deltoid). Subjects with 
equivocal tests were retested and, if still equivocal, they were 
classified as negative. Twenty to 25 days after vaccination, a new 
blood test was performed to retest IgG titers; if the value found 
in reevaluation exceeded the cutoff, the subject was classified 
as seroconverted; if the titer was still negative, another vac-
cine dose (28 days after the first booster) was administered and 
after 20–25  days an additional measurement of IgG was per-
formed. Subjects still seronegative were definitively classified as 
nonresponders; they received the recommendation to be evalu-
ated for measles infection in all cases of exposure, and eventu-
ally to receive immunoglobulin. This management is consistent 
with specific protocols applied in some US medical schools [26]. 
Subjects who received the booster doses underwent 1 month of 
follow-up to assess the insurgence of any adverse effects.

For every enrolled subject a specific form was built, including 
information on patient ID, sex, age at enrollment, dates of the 
routine MMR vaccine, measles IgG titer, date of first booster 
dose, IgG titer after first booster, date of second booster dose, 
and IgG titer after second booster dose. Compiled forms were 
entered into a database created with an Excel spreadsheet, and 
data analysis was performed using Stata MP15 software.

Continuous variables were described as mean (standard de-
viation [SD]) and range, and categorical variables as propor-
tions, with the 95% confidence interval (CI) when appropriate. 
The skewness and kurtosis test was used to evaluate the nor-
mality of continuous variables, but any of them was normally 
distributed or normalizable. The Kruskal–Wallis test was used 
to compare continuous variables between 3 distinct groups: (1) 
subjects who received the first dose of MMR routine vaccine 
at age ≤15 months; (2) subjects who received the first dose of 
MMR routine vaccine at age 16–23  months; and (3) subjects 
who received the first dose of MMR routine vaccine at age 
≥24 months.
These groups were investigated for differences in the response 
to the vaccine between subjects who received the first MMR 
dose as provided by CDC recommendations (13–15 months), 
subjects who received the first dose at an older age (≥2 years), 
and subjects vaccinated between 16 and 23  months (ie, the 
modal case in the general population, considering some delay in 
the vaccination appointment); the Dunn multiple comparison 
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test with Bonferroni correction was used to compare 2 groups 
at a time. The Wilcoxon rank-sum test was used to compare the 
continuous variables between the sexes. The χ 2 and exact Fisher 
tests were used to compare the proportions.

To assess the determinants of being seroprotected at the 
time of enrollment (seroconversion after the vaccine basal rou-
tine), univariate logistic regression was used, considering the 
seroprotection as outcome and sex (male vs female), age at en-
rollment (years), age at the time of the first vaccination at the 
basal routine, age at the time of second vaccination at basal rou-
tine (years), time from the first to the second dose of vaccine at 
the basal routine (months), time from the first dose of vaccina-
tion to the antibody titer evaluation (months), and time from 
the second dose of vaccination to the antibody titer evaluation 
(months) as determinants; odds ratios (ORs) were calculated 
with 95% CIs. For the previous outcome, a multivariate logistic 
regression model was built, using as determinant the group 
variable adjusted for the variables associated in the univariate 
logistic regression. Adjusted ORs (aORs) were calculated, with 
the 95% CI.

To assess the determinants of seroconversion after a booster 
dose, univariate logistic regression was used, considering the 
seroconversion after the third MMR dose in fully vaccinated 
subjects as outcome and as determinants the sex (male vs fe-
male), age at enrollment (years), age at the time of the first 
vaccination at the basal routine, age at the time of second vacci-
nation at basal routine (years), time from the first to the second 
dose of vaccine at the basal routine (months), time from the first 
dose of vaccine at basal routine to the booster dose (months), 
and time from the second dose of vaccine at basal routine to the 
booster dose (months); the ORs (95% CIs) were calculated. For 
the previous outcome, a multivariate logistic regression model 
was built, using as determinant the group variable adjusted for 
the variables associated in the univariate logistic regression. The 
aOR values were calculated, with the 95% CI. The Box–Tidwell 
test was used to evaluate the linearity of independent variables 
and log odds; the Hosmer–Lemeshow test was used to eval-
uate the goodness-of-fit of the multivariate logistic regression 
models.

Protective antibody survival (PAS) was evaluated as the 
time elapsed from the first dose of routine MMR vaccination 
to the evaluation of antibody titer (years). The Kaplan–Meier 
curve was used to evaluate PAS and the log-rank test was used 
to evaluate the differences between groups. The median time 
of PAS and the incidence rate per 100 person-years of loss of 
seroprotection, both with 95% CIs, were estimated; the inci-
dence rate ratios (IRRs) with 95% CIs were calculated consid-
ering as denominator the subjects vaccinated at ≤15 months and 
as numerator those vaccinated at 16–23 months or at ≥2 years.

To evaluate the determinants of PAS, the multivariate Cox 
semiparametric regression was used, considering as risk pre-
dictors the sex (male vs female), age at enrollment (years), age 

at the first dose of routine vaccine divided per group (≤15, 
16–23, or ≥24 months), age at the second dose of routine vac-
cine (years), and time from the second dose of MMR vac-
cine to the antibody titer evaluation (months). The adjusted 
hazard ratio (aHR) values were calculated, with 95% CIs. The 
Schoenfeld and scaled Schoenfeld residuals tests were used to 
evaluate the proportionality assumption of the multivariate Cox 
semiparametric regression model.

For all tests, a 2-sided P value < .05 was considered statisti-
cally significant.

RESULTS

Between April 2014 and June 2018, 4563 students and residents 
were tested. The immunization status, downloaded by GIAVA, 
was available for 4225 of 4563 (92.6%) subjects, and 2000 of 
these (47.3%) received a complete MMR vaccination schedule. 
Of these 2000, 360 (18.0%) received the first dose of routine 
vaccine at age ≤15 months, 958 (47.9%) at age 16–23 months, 
and 682 (34.1%) at age ≥24 months.

Of the 2000 subjects, 1387 (69.4%) subjects were female 
and the proportion of females did not differ among groups in 
analysis (P  >  .05; Table 1). The mean age at enrollment was 
21.1  (SD, 2.4) years (range, 18.0–38.0 years) with a difference 
between subjects vaccinated at ≤15 months and vaccinated at 
≥24  months (P  <  .0001) and between subjects vaccinated at 
16–23 months and vaccinated at ≥24 months (P < .0001) (Table 
1). All of the subjects with a complete baseline vaccination rou-
tine were tested for anti-measles IgG. No one reported a history 
of measles.

Of the 2000 subjects, 1695 (84.8% [95% CI, 83.1%–86.3%]) 
showed a protective IgG titer; this percentage did not differ 
between males (512/613; 83.5% [95% CI,  80.3%–86.4%]) and 
females (1183/1387; 85.3% [95% CI, 83.3%–87.1%]). The pro-
portion of subjects with detectable titer of anti-measles IgG 
was lower (P < .0001) among those vaccinated at ≤15 months 
(80.0% [95% CI,  75.5%–84.0%]) than in those vaccinated at 
16–23 months (82.9% [95% CI, 80.3%–85.2%]) or ≥24 months 
(89.9% [95% CI, 87.4%–92.0%]) (Table 1). The overall IgG geo-
metric mean titer was 77.2 (95% CI, 73.0–81.6), with differences 
among groups (P < .0001; Table 1). Two hundred twenty-seven 
of 305 (85.6%) seronegative subjects received a booster dose 
and of these, 212 (93.4%) were reevaluated. In 157 of 212 (74.1% 
[95% CI, 67.6%–79.8%]) a seroconversion was noted, without 
differences among the groups in analysis (P  >  .05) (Table 1). 
The IgG geometric mean titer value after a booster dose was 
46.1 (95% CI,  39.1–54.4), without significant differences be-
tween groups (P  >  .05; Table 1). Forty-seven of 55 (85.5%) 
subjects who were still seronegative received another booster 
dose, and 36 of these (76.6%) were reevaluated: 13 (36.1% [95% 
CI, 20.8%–53.8%]) seroconverted (the study population is de-
scribed in flowchart 1). Overall, the seroconversion rate after a 
second dose was of 93.4% (95% CI, 89.0%–96.5%).
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The multivariate logistic regression showed that seropos-
itivity at enrollment was associated with the time from the 
second dose of MMR vaccine to the antibody titer evaluation 
(aOR,  0.99 [95% CI,  .98–.99]) and the time (months) from 
the first to the second dose of MMR vaccine (aOR, 0.99 [95% 
CI,  .99–1.00]), whereas there were no associations with the 
other determinants (P > .05; Table 2).

Univariate logistic regression showed that the outcome of se-
roconversion after a booster dose was associated with sex (male 
vs female; OR, 0.52 [95% CI, .28–.98]; z = 2.0; P = .044), whereas 
it was not associated with the other determinants (P > .05); the 
multivariate model confirmed the association with sex (male vs 
female; aOR, 0.52 [95% CI, .3–.9]; z = 2.0; P = .042), whereas the 
age at first dose of routine vaccination seemed not to be signif-
icant (P > .05; Hosmer–Lemeshow χ 2 = 3.4; P = .492; Table 3).

The mean time of PAS was 17.8 (SD, 4.0) years (range, 0.0–
34.0  years); the IgG loss in 25% of fully vaccinated subjects 
was estimated to be 21  years (95% CI,  21–22  years), and the 
incidence rate per 100 person-years of seronegativity was 8.6 
(95% CI, 7.7–9.6). The PAS did not seem to differ by age at first 
dose of MMR vaccine (z  =  2.5; P  =  .285; Figure 1); the inci-
dence rate per 100 person-years of losing IgG was 10.2 (95% 
CI,  8.1–12.9) among subjects vaccinated at ≤15  months, 8.9 
(95% CI, 7.6–10.3) in those vaccinated at 16–23 months, and 
6.9 (95% CI, 5.4–8.7) in those vaccinated at ≥24 months, with Ta
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4563 students and residents enrolled (April 2014-June 2018)

For 4225 (92,6%) subjects was available the vaccination certificate

2000 (47.3%) subjects received a 2 doses of MMR vaccine and they were tested for anti-Measles IgG

227 (74.4%) subjects received a third MMR dose

78 (25.6%) subjects lost to follow-up

212 (93.4%) subjects were re-trited

15 (6.6%) subjects lost to follow-up

157 (74.1%) seroconverted55 (25.9%) resulted still negative

47 (85.5%) subjects received a fourth MMR dose

8 (14.5%) subjects lost to follow-up

36 (76.6%) subjects were re-trited

11 (23.4%) subjects lost to follow-up

13 (36.1%; 95%CI=20.8–53.8%) 
seroconverted

23 (63.9%) resulted still negative and classified as
“non-responders”

305 (15,3%; 95%CI=13,7–16,9%) subjects showed a not protective IgG titer

Flowchart 1. Study population. 
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an IRR of 0.86 (95% CI, .65–1.16; P = .154) in the comparison 
between those vaccinated at 16–23 months and ≤15 months and 
an IRR of 0.67 (95% CI,  .47–.94; P =  .009) in the comparison 
between those vaccinated at ≥24 months and ≤15 months. The 
results of multivariate Cox semiparametric regression analysis 
are described in Table 4.

For the purpose of adapting our study to the international 
guidelines, we have considered subjects with IgG values ≥120 
mIU/mL as seroprotected [27] and recalculated the proportion 
of nonseroprotected subjects according to this cutoff. A total of 
1781 of 2000 (89.1% [95% CI, 87.6%–90.4%]) subjects showed 
a protective IgG titer; this proportion was lower (P  <  .0001) 
among those vaccinated at age ≤15  months (86.1% [95% 
CI, 82.1%–89.5%]) than in those vaccinated at 16–23 months 
(87.5% [95% CI,  85.2%–89.5%]) and at ≥24  months (92.8% 
[95% CI, 90.6%–94.6%]).

DISCUSSION

In our study, carried out in a sample of 2000 subjects, >15% of 
students and residents enrolled did not show IgG for measles 
and 1 or more booster doses were needed to elicit circulating 

anti-measles IgG. This value differs from the evidence in the 
literature: a 2015 review indicates that 6% of HCWs in Europe 
are seronegative for measles [28], a 2013 French study estimates 
this value to be 8% [28], whereas a 2013 Spanish study reports 
a susceptibility rate of 2% [29]. These studies did not consider 
vaccination status in the assessment.

The lack of IgG among immunized subjects could be ex-
plained by 2 different mechanisms: (1) primary vaccination 
failure, due to failures in vaccine attenuation, vaccination re-
gimens, or administration; or (2) loss of circulating antibodies, 
characterized by a loss of protection after initial effectiveness 
and accelerated by the poor circulation of pathogens [23].
The administration of a dose booster could be also a strategy 
to discriminate between these 2 scenarios. Indeed, theoreti-
cally, a seroconversion after booster dose could imply the 
persistence of immunological memory and therefore a loss 
of immunogenicity, while a nonresponse to the booster could 
imply a primary vaccination failure; this point is just a hypoth-
esis and further studies are needed to clarify it. Regarding the 
determinants of seroconversion after basal vaccination rou-
tine, the time (months) from the second dose of MMR vaccine 

Table 2. Univariate and Multivariate Logistic Regression Analysis of Determinants of Seropositivity at Enrollment

Determinants

Univariate Analysis Multivariate Analysis

OR (95% CI) P Value aOR (95% CI) P Value

Age at enrollment, y .97 (.92–1.02) .194 …  

Sex (male vs female) .9 (.7–1.1) .311 …  

Age at the first dose of routine MMR vaccination   …  

 ≤15 mo (baseline) 1.00  1.00  

 16–23 mo 1.21 (.89–1.65) .225 1.17 (.86–1.60) .319

 ≥24 mo 2.22 (1.55–3.18) < .0001 1.49 (.95–2.32) .080

Age, y, at the second dose of routine MMR vaccine 1.05 (1.02–1.09) .005 1.01 (.94–1.09) .753

Time, mo, from the first to second dose of MMR vaccine 1.00 (.99–1.00) .019 .99 (.99–1.00) .014

Time, mo, from the first dose of MMR vaccine to antibody titer evaluation .99 (.98–.99) < .0001 a  

Time, mo, from the second dose of MMR vaccine to antibody titer evaluation .99 (.98–.99) < .0001 .99 (.98–.99) < .0001

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; MMR, measles-mumps-rubella; OR, odds ratio.
aOmitted because of collinearity; Hosmer–Lemeshow χ 2 = 5.1 (P = .747).

Table 3. Univariate and multivariate logistic regression analysis of determinants of seroconversion after booster MMR dose

Determinants

Univariate analysis Multivariate analysis

OR (95%CI) p-value aOR (95%CI) p-value

Age at enrollment (years) 0.92 (0.80-1.06) 0.231   

Gender (male vs. female) 0.52 (0.28-0.98) 0.044 0.52 (0.27-0.98) 0.042

Age at the first dose of MMR vaccine routine     

 • ≤15 months (baseline) 1.00 - 1.00 -

 • 16-23 months 0.77 (0.36-1.66) 0.512 0.79 (0.36-1.70) 0.539

 • ≥24 months 0.90 (0.36-2.25) 0.826 0.98 (0.39-2.49) 0.871

Age at the second dose of MMR vaccine routine (years) 0.99 (0.98-1.00) 0.054   

Time from the first to the second dose of MMR vaccine (months) 1.00 (0.99-1.01) 0.772   

Time from the first dose of MMR vaccine to the antibody titer evaluation (months) 1.00 (1.00-1.01) 0.379   

Time from the second dose of MMR vaccine to the antibody titer evaluation (months) 1.01 (1.00-1.02) 0.291   

Hosmer-Lemeshow chi-square=3.4; p=0.492
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to the antibody titer evaluation appears to be a significant 
factor (OR, 0.99; P = .014); in particular, it seems that a shorter 
time is associated with a better persistence of circulating anti-
measles antibodies. Of particular interest is the finding of an 
association between being female and a better response to the 
third MMR dose compared to males. Sex differences in the 
response to vaccines is a topic studied by many authors in the 
literature, and the scientific community agrees in recognizing 
that immunological, hormonal, genetic, microbiota, and en-
vironmental differences between males and females may also 
affect the outcome of vaccination, with males seeming to be 
less immunoresponsive compared to females [30–32]. The 
estimated value in which half of the vaccinated subjects lose 
seroprotection is >25  years, without important differences 
among the groups analyzed, and antibody levels tend to de-
cline almost 15  years after the first dose of MMR vaccine. 
Considering that we have analyzed only 1 observation per 

case, the persistence of circulating antibodies could be shorter 
than observed in our study, so the duration of immunity may 
be lower than that reported in the literature (around 15 years) 
[27]. The administration of the first dose of MMR vaccine at 
≥2 years of age seems to be associated with a lower risk of loss 
of immunity (IRR,  0.67 [95% CI,  .47–.94]) compared to the 
other ages in the analysis. The Cox analysis suggests that a 
younger age at the time of the first and second doses of MMR 
vaccine, an older age at enrollment, and a longer time from 
the second dose of MMR vaccine to the antibody titer evalu-
ation seem to be risk factors for the persistence of circulating 
antibodies.

In summary, 93.4% of subjects without circulating anti-
measles IgG at enrollment gained a protective titer after 1 or 2 
booster doses. Our strategy seemed consistent with the purpose 
of eliciting protection in a subgroup with high risk of exposure 
(HCWs) and additional risk of complications (young adults). 

Table 4. Multivariate Cox Semiparametric Regression Analysis of Risk Predictors of Measles Immunoglobulin G Protective Antibody Survival

Determinants

Multivariate Analysis

aHR (95% CI) P Value

Sex (male vs female) 1.12 (.88–1.42) .370

Age, y, at enrollment .61 (.51–.87) < .0001

Age at the first dose of routine MMR vaccine   

 ≤15 mo (baseline) 1.00  

 16–23 mo 1.24 (.93–1.64) .141

 ≥24 mo 4.08 (2.82–5.90) < .0001

Age, y, at the second dose of routine MMR vaccine .67 (.51–.87) .003

Time, mo, from the second dose of MMR vaccine to the antibody titer evaluation .99 (.95–.99) .005

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; MMR, measles-mumps-rubella.
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Figure 1. Kaplan–Meier measles protective antibody survival estimates, by group. Abbreviations: MMR, measles-mumps-rubella vaccine; PAS, protective antibody survival.
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The low percentage of nonresponders received a specific recom-
mendation of being evaluated in case of exposure, in particular 
if male or at high risk of complications.

The time between vaccination doses and the antibody titer evalu-
ation is a determinant for persisting circulating antibodies; in partic-
ular, the time from the second dose to the antibody titer evaluation 
seems to be the main determinant of the persistence of circulating 
antibodies, with a major role compared to age at the time of the first 
dose of MMR vaccine. Therefore, the antibody titer and immunity 
decrease over the years, as already described for the anti–hepatitis 
B virus, anti-pertussis, and anti-mumps vaccines [17, 24, 33]. To the 
best of our knowledge, the introduction of booster dose(s) in fully 
vaccinated but not measles-seroprotected subjects among HCWs is 
a topic not studied in the literature. Few official recommendations 
are available regarding the use of a third dose of MMR vaccine in 
other contexts; indeed, many studies showed that a booster dose 
of MMR vaccine in fully vaccinated subjects is safe and effective in 
preventing mumps infection in subjects exposed in close settings 
during outbreaks [33]. The strengths of our study include the rele-
vant sample size, the topic being poorly studied in the literature, and 
the comparison based on the age of the first dose; furthermore, the 
issue of vaccinations in nonresponder HCWs is of great importance 
in future decisions on vaccination strategies. The major limitation is 
related to the impossibility to analyze the subjects’ immunostatus in 
relation to the commercial type of MMR vaccine, and it was not pos-
sible to evaluate if the subject had ever come into contact with wild 
virus. Moreover, a topic of discussion in the literature is the role of 
cell-mediated immunity in long-term response to the vaccine and 
protection against measles [34]; therefore, hypothetically, a vaccin-
ated subject not providing circulating antibodies could be immune. 
Ruckdeschel et al [35] asserted that the lymphocyte responsiveness 
to measles complement fixation antigen seen in 2 pediatric residents 
who had negative anti-measles IgG titers and who had frequent ex-
posure to patients affected by measles is the in vitro correlate of their 
clinical protection against infection. Nevertheless, a recent study as-
serts that the contribution of T cells to protection is generally con-
sidered minor in comparison to neutralizing antibodies [36], so 
more studies are needed to clarify this point.

The full MMR vaccination routine is not an absolute guarantee 
of immunity against the wild viruses; a 2014 study [37] describes 
a measles outbreak investigation in a hospital that included 8 in-
fected HCWs, of whom 6 were subjects who received 2 doses of 
measles vaccine. Rota et al [38] described a measles outbreak in 
2009 in Pennsylvania and Virginia that resulted in the exposure 
and apparent infection of 2 physicians, both fully vaccinated with 2 
doses of MMR vaccine. We cannot know if these subjects were vac-
cine failures or they lost circulating antibodies over the years, but 
in both cases our management should have prevented the disease. 
From this point of view, it becomes fundamental to verify the se-
rological state and implement the appropriate measures of prophy-
laxis in seronegative cases, even in the vaccinated HCWs. Given 
these assumptions, inclusion of the screening model described in 

the routine assessment of the biological risk of medical students 
(before medical internship) and HCWs (in the context of oc-
cupational medical examination) may be a winning strategy in 
preventing measles nosocomial infection.
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