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ABSTRACT
The persistence of specific IgG after measles infection and after measles vaccination has not been 
sufficiently investigated. Current evidence suggests that immunity after the disease is life-long, whereas 
the response after two doses of measles-containing vaccine declines within 10–15 years. This study 
evaluated the proportion of individuals with detectable anti-measles IgG in two groups, those vaccinated 
with two doses of anti-MMR vaccine and those with a self-reported history of measles infection. Among 
the 611 students and residents who were tested, 94 (15%) had no detectable protective anti-measles IgG. 
This proportion was higher among vaccinated individuals (20%; GMT = 92.2) than among those with a self- 
reported history of measles (6%; GMT = 213.3; p < .0001). After one or two MMR vaccine booster doses, the 
overall seroconversion rate was 92%. An important proportion of people immunized for measles did not 
have a protective IgG titer in the years after vaccination, but among those who had a natural infection the 
rate was three-fold lower. This finding should be considered in the pre-elimination phase, given the 
resurgence of measles cases among individuals who after being vaccinated lost their circulating IgG after 
several years, especially if they failed to receive a natural booster.
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Introduction

Measles is an acute viral respiratory illness caused by a single- 
stranded, enveloped RNA virus with a single serotype (genus 
Morbillivirus, family Paramyxoviridae). Humans are the only 
natural host of measles virus. Patients are considered to be 
contagious between 4 days before and 4 days after the rash 
appears.1 Common complications of measles include otitis 
media, bronchopneumonia, laryngotracheobronchitis, and 
diarrhea. One out of every 1,000 measles patients will develop 
acute encephalitis and 1–3/1,000 children infected with 
measles will die from respiratory and neurologic complica-
tions. The most dreaded complication of measles is subacute 
sclerosing panencephalitis, that generally develop 7–10 years 
after measles infection.1

Since the introduction of global mass vaccination, the 
safety,2 cost-savings3 and efficacy of measles-containing vac-
cines have been repeatedly demonstrated. Vaccination has 
reduced the incidence of measles by 99.9%, with >20,000,000 
lives saved throughout the world.4 Nevertheless, in the post- 
vaccination era, the WHO estimated almost 90,000 measles- 
related deaths in 2016 and reported 353,236 cases of measles in 
2018.5

Measles virus replicates in the cytoplasm of infected human 
cells without the integration of the viral genome into that of the 
host cell. In addition, measles virus is considered sensitive to 
antibody-mediated clearance. Generally, measles infection and 
its effects on the immune system are limited to the period of 
viral replication, spread and clearance, during which time acute 
illness in the host develops. However, in natural infections of 

measles, the viral RNA can persist in lymphoid tissue and the 
immune system remains activated for many months.6 This 
characteristic may explain the observed maturation of the 
immune response to the virus, which may be required to 
establish life-long protective immunity.6 Immune activation 
and the proliferation of lymphocytes, particularly CD4 + T 
cells, is evident both during the acute phase and in the months 
after resolution of the rash. During this period, there is a shift 
in the production of cytokines to those promoting B cell 
maturation, thus allowing the continuous production of anti-
body-secreting cells.6 The improvement over time in the qual-
ity of antibodies, as evidenced by their increasing avidity, 
suggests the continuous activity of follicular T-helper cells 
and the selection of B cells in the germinal centers of lymphoid 
tissue. The development of long-lived plasma cells is necessary 
to sustain life-long plasma antibody levels.6

In Italy, a single-antigen measles vaccine was introduced in 
the 1970s.7 Since 2003, the national vaccination schedule has 
recommended universal mass vaccination consisting of two 
doses of measles, mumps and rubella (MMR) vaccine adminis-
tered in accordance with CDC recommendations (the first dose 
at 12–15 months and the second at 5–6 years of age).8 

According to pre-licensure data, one dose of MMR vaccine is 
93% effective and two doses are 97% effective against measles.8 

The seroconversion rate is 95–98% after a single dose and 99% 
after two doses.8 The live attenuated vaccine induces both 
antibody and cellular immune responses that mature over 
a period of months.

Although the immune responses induced by the vaccine are 
qualitatively similar to those induced by infection, antibody 
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levels are lower after vaccination. Vaccination at a young age 
enhances the quality and quantity of the antibody response but 
has a minor effect on T cell responses. However, over time, 
virus-specific antibodies and vaccine-induced CD4 + T cells 
decrease, accounting for the secondary vaccine failure rate of 
5% 10–15 years after immunization.9

The aim of this study was to evaluate the proportion of 
seroprotected individuals in two populations: those vaccinated 
with two doses of anti-MMR vaccine and those with a history 
of measles infection. In addition, the GMTs were compared in 
the previously vaccinated and naturally infected.

The study was carried out in Apulia (southern Italy, 
~4,000,000 inhabitants), where MMR vaccine coverage is 
~91% (year 2017, birth cohort 2015)10 and where in 2002/ 
2003 a large outbreak of measles (around 20,000 cases) was 
documented,11 followed by many outbreaks in subsequent 
years12,13 that included documented cases of nosocomial 
transmission.12-15

Material and methods

This was a retrospective cohort study.
In accordance with the Italian Ministry of Health’s 

recommendations,16 in April 2014 the Hygiene Department 
of the Bari Policlinico University Hospital implemented 
a biological risk prevention program for medical students and 
residents of the Medical School of the University of Bari. The 
protocol included obtaining a medical history and the deter-
mination of measles vaccination status and measles history. To 
increase the accuracy of the information, the parents of the 
medical students and residents were to be interviewed as well.

Thus, for each student or resident participant, a 5 mL serum 
sample was collected to assess the measles immunity/suscept-
ibility status, determined in a chemiluminescence (CLIA) assay 
using LIAISON® Measles IgG, a semi-quantitative test per-
formed using a standardized commercial method (Diasorin). 
The assay’s cut off value (>16.5 AU/mL) is equivalent to 175 
mIU/mL (WHO Third International Standard for Anti- 
Measles, NIBSC code: 97/648).16,17 Individuals with equivocal 
tests were retested; if their results were still equivocal, their 
status was classified as negative.

Vaccinated individuals who had a non-protective IgG titer 
received a booster dose of MMR vaccine (M-M-RVAXPRO, 
administered subcutaneously in the deltoid). A second blood 
test was performed 20–25 days thereafter to remeasure the IgG 
titer. If the value exceeded the cutoff, the person was classified 
as having seroconverted; if the titer was still negative, another 
vaccine dose (28 days after the first booster) was administered 
and the IgG titer was again measured 20–25 days later. 
Individuals who were still seronegative were definitively classi-
fied as “non-responders” and an evaluation for measles infec-
tion as well as immunoglobulin administration in case of 
measles exposure were recommended.

Individuals with a self-reported natural history of vaccina-
tion who had a non-protective IgG titer received two booster 
doses of MMR vaccine (M-M-RVAXPRO, administered sub-
cutaneously in the deltoid), 4 weeks apart. IgG titers were re- 
measured in a new blood test 20–25 days after the second 
booster dose. If the value of that test exceeded the cutoff, the 

person was classified as seroconverted; if the results were still 
negative, he was treated as described for vaccinated individuals.

This management protocol was consistent with the proto-
cols applied in some US medical schools.18 Study participants 
who received booster doses underwent a 1-month follow-up to 
assess the development of any adverse events following 
vaccination.

The population considered in the present study was com-
posed of medical students and residents who attended the 
Hygiene Department from April 2014 to March 2019. 
Informed consent was routinely collected during clinical pro-
cedures. This study was carried out according to the principles 
of the Helsinki Declaration.

Our survey included only those medical students and resi-
dents who at the time of study enrollment had received two 
doses of MMR vaccine (vaccine basal routine) or who reported 
a history of measles infection. The vaccination status of 
enrolled participants was assessed using the Regional 
Immunization Database (GIAVA),19 a computerized vaccina-
tion registry that allows every Apulian inhabitant to ascertain 
the vaccination history.

Participants without an available vaccination history, with-
out a history of measles and never vaccinated, with a history of 
measles but who were also vaccinated, who were vaccinated 
with a single dose or ≥2 doses of MMR vaccine at baseline were 
excluded.

To calculate the sample size, individuals who had been 
vaccinated but lacked circulating anti-measles IgG were esti-
mated to account for 15% of the study population20 and those 
who were naturally immunized but lacked circulating IgG for 
4.5% (our hypothesis, since there are no studies on the topic). 
The groups were compared using a chi-square test, with 
a significance level (alpha) of 0.01 and a beta power of 95%. 
To improve the statistical analysis, a 1:2 allocation ratio of 
naturally immunized and vaccinated individuals was chosen. 
Thus, the preliminary sample comprised 537 participants: 358 
in the vaccine group and 179 in the disease group. The two 
groups were matched for age, sex and chronic diseases. Since 
records with missing data were expected, data for 448 indivi-
duals from the vaccine group and 224 from the disease group 
(20% more than the minimum determined sample size) were 
extracted from the database. Among the extracted records, 38 
from the vaccine group and 23 from the disease group were 
excluded due to missing data. The final sample therefore con-
sisted of 611 individuals: 410 had been vaccinated (vaccine 
group) and 201 naturally immunized (disease group).

For every enrollee, a specific form was generated in which 
information on patient id, sex, age at enrollment, age at measles 
infection, dates of routine MMR vaccine, measles IgG titer, 
date of first booster dose, IgG titer after first booster (vaccine 
group), date of second booster dose and IgG titer after second 
booster were recorded. Data from the compiled forms were 
entered into a database generated using Excel and analyzed 
using STATA MP16 software.

Continuous variables are reported as the mean±standard 
deviation and range, categorical variables as proportions, with 
the 95% confidence interval (95%CI), when appropriate. 
Skewness and kurtosis test was conducted to evaluate the nor-
mality of the continuous variables; in case of a non-normal 
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distribution, a normalization model was established. Student’s 
t-test for independent data (parametric) and the Wilcoxon rank 
sum test (non-parametric) tests were used to compare contin-
uous variables between groups; chi-square and Fisher’s exact 
tests were used to compare proportions.

To assess the determinants of seroprotection at the time of 
study enrollment, a multivariate logistic regression model 
was used in which seroprotection was the outcome and sex 
(male vs. female), age (years) at study enrollment, group 
assignment (vaccine vs. disease) and the presence of chronic 
disease (yes/no) were the determinants. The adjusted Odds 
Ratio (aOR) was calculated with the 95%CI. The Hosmer- 
Lemeshow test was used to evaluate the goodness-of-fit of the 
multivariate logistic regression model.

Protective antibody survival (PAS), defined as the time 
elapsed from the second dose of routine MMR vaccine to the 
evaluation of antibody titer (years) or the time elapsed between 
natural measles infection to the evaluation of antibody titer 
(years), was determined.

PAS was assessed using Kaplan-Meier curves, and the dif-
ferences between groups using the log-rank test. The median 
PAS time as well as the incidence rate per 100 person-years of 
loss of seroprotection were estimated, both with their 95%CIs. 
The Incidence Rate Ratio (IRR), in which the number of 
naturally immunized individuals was the denominator and 
the number of vaccinated individuals the numerator, was cal-
culated with the 95%CI.

The determinants of PAS were identified by applying 
a multivariate Cox semiparametric regression, in which the 
risk predictors were sex (male vs. female), age (years) at 
study enrollment, group assignment (vaccine vs. disease) 
and the presence of chronic disease (yes/no). The adjusted 
Hazard Ratio (aHR) was calculated with the 95%CI. The 
Schoenfeld and scaled Schoenfeld residuals test was used to 
evaluate the proportionality assumption of the multivariate 
Cox semiparametric regression model, and the Gronnesby 
and Borgan test to evaluate the goodness-of-fit of the 
model.

For all tests, a two-sided p-value<0.05 was considered to 
indicate statistical significance.

Results

The study sample comprised 611 medical students and resi-
dents: 201 (32.9%) in the disease group and 410 (67.1%) in the 
vaccine group. The characteristics of the participants at enroll-
ment are described in Table 1.

On average, members of the disease group had contracted 
measles at age 5.6 ± 3.3 (range: 0–18) years. Members in the 

vaccine group had been given the first dose of MMR vaccine at 
age 17.0 ± 3.0 (range: 6–23) months and the second dose at age 
10.9 ± 3.6 (range: 1–29) years.

The proportion of all participants without circulating anti-
bodies at enrollment was 15.4% (n = 94/611; 95% 
CI = 12.6-18.5%). The difference between the two groups was 
statistically significant (p < .0001; Figure 1).

The average GMT of the enrollees was 92.2 (95% 
CI = 82.6–103.0), with a statistically significant difference between 
the disease group (GMT = 213.3; 95%CI = 185.4–245.5) and the 
vaccine group (GMT = 60.5; 95%CI = 53.0–69.1; p < .0001).

Following vaccination of 7 of the 12 (58.3%) non- 
seroprotected members of the disease group according to the 
vaccination protocol (two doses of MMR vaccine 4 weeks 
apart), the titer evaluation revealed seroconversion in all 7 
(100%; 95%CI = 59.0–100.0%), with a post-administration 
GMT of 239.8 (95%CI = 179.5–320.5).

In the vaccine group, 54 of the 82 (65.9%) seronegative 
individuals received a third booster dose of MMR vaccine, 
which resulted in the seroconversion of 42 of 54 (77.8%; 95% 
CI = 64.4–88.0%); 10 of the 12 (83.3%) still seronegatives 
individuals received a fourth booster dose of vaccine, of 
whom 3 of 10 (30.0%; 95%CI = 6.7–65.2%) seroconverted 
(overall seroconversion rate in the vaccine group: 90.0%; 95% 
CI = 78.2–96.7%). The GMT of those individuals after the 
booster(s) was 52.9 (95%CI = 38.4–73.0).

The multivariate logistic analysis showed a statistically sig-
nificant association between evidence of circulating antibodies 
at enrollment and the group assignment (vaccine vs. disease; 
aOR = 0.25; 95%CI = 0.13–0.47). There were no further asso-
ciations between the outcome and the determinants in the 
analysis (p > .05; Table 2).

Table 1. Characteristics of the two study groups at baseline.

Variable

Disease 
group 

(n = 201)

Vaccine 
group 

(n = 410)
Total 

(n = 611) p-value

Age (years) at 
enrollment; mean±SD 
(range)

22.9 ± 2.6 
(18–35)

22.7 ± 2.5 
(18–35)

22.8 ± 2.5 
(18–35)

0.458

Female; n (%) 131 (65.2) 246 (60.0) 377 (61.7) 0.216
Allergy; n (%) 59 (29.4) 127 (31.0) 186 (30.4) 0.682
Chronic disease; n (%) 26 (12.9) 60 (14.6) 86 (14.1) 0.570

Figure 1. Proportion (%) of study participants in the vaccine and disease groups 
without circulating anti-measles IgG at study enrollment. p<0.0001.

Table 2. Multivariate logistic regression analysis of the determinants of seroposi-
tivity at enrollment.

Variable aOR 95%CI p-value

Group (vaccine vs. disease) 0.25 0.13–0.47 <0.0001
Age at enrollment (years) 1.0 0.9–1.1 0.556
Male (yes/no) 1.3 0.8–2.1 0.299
Chronic disease (yes/no) 1.6 0.8–3.2 0.202

Chi2 = 59.5; p = 0.890
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The average PAS time was 13.2 ± 4.4 years (range = 0–29). 
For seronegatives, the incidence rate ×100 person-years was 1.2 
(95%CI = 1.0–1.4).

The PAS between the groups differed significantly (log-rank 
p < .00001; Figure 2). The incidence rate ×100 person-years for 
the loss of circulating IgG was 0.4 (95%CI = 0.2–0.7) in the 
disease group and 1.7 (95%CI = 1.4–2.1) in the vaccine group, 
with an IRR of 4.6 (95%CI = 2.5–9.3; p < .0001).

The multivariate analysis identified belonging to the vaccine 
group (aHR = 11.8; 95%CI = 6.1–22.9) and age (aHR = 0.88; 95% 
CI = 0.80–0.95) as determinants of the loss of circulating anti-
bodies. There were no associations between the PAS and the other 
determinants in the analysis (p > .05; Table 3).

Discussion

Our study showed that 15% of the screened participants lacked 
detectable circulating anti-measles IgG and one or more boos-
ter doses was needed for seroconversion; this value is higher 
than the one reported in a 2020 meta-analysis21 on Italian 
HCWs (equal to 9%), probably due to the young age of our 
sample. The difference between the two groups (20% vs. 6%) is 
consistent with literature reports and provides further evidence 
that natural immunity is more long-lasting than vaccine 
immunity. Additional support for this conclusion comes 
from the significantly higher baseline GMT in the naturally 
immunized group (213 vs. 61; p < .0001); these results are 
consistent with the ones highlighted by a 2020 Italian study,22 

which concluded that among subjects who received two doses 
of measles vaccine, the neutralizing antibody titer tended to 
decline over time, on contrary of natural immunized subjects.

The seroconversion rate after two doses of MMR vaccine in 
the disease group was 100% (95%CI = 59–100%), while in the 
vaccinated group it was 86% (95%CI = 73–94%). The differ-
ence in the response to the booster dose(s) may have reflected 
the greater persistence of immunological memory in naturally 
immunized individuals. Also in this case, the GMT measured 
after the booster(s) was significantly higher in the naturally 
immunized than in the vaccinated participants (240 vs. 53). 
The overall seroconversion after a booster(s) in subjects found 
seronegative after the first blood sample was 92.2% (95% 
CI = 80.7–97.1%).

An analysis of the determinants of seroprotection showed 
that the detection of circulating IgG at baseline was associated 
with natural immunization (aOR = 0.25; 95%CI = 0.13–0.47). 
The survival analysis also indicated a greater persistence of 
circulating antibodies in the naturally immunized. Although 
a stronger antibody response (titer) is induced by natural 
disease than by vaccination, a 1994 study23 found that for 
MMR immunity, serological memory after vaccination is simi-
lar to that after natural infection. However, the second dose of 
the MMR vaccine is essential, as the antibody titer undergoes 
since a slow decline during the first 10 years after the first 
vaccination of the basal routine.23 The levels of neutralizing 
antibodies 10 years after the second dose of vaccine remain 
above the level considered protective and confer long-lasting 
immunity, although they fall in the years thereafter.24 A 2019 
Italian study estimated that circulating anti-measles IgG anti-
bodies decrease 10–15 years after the second dose of MMR 
vaccine administered according to the basal routine.20

A strength of our study was it large sample size. Its main 
limitation arose from the source of the information on the 
natural history of measles in the enrollees, as it relied on the 
historical memory of the interviewed participants (and their 
parents), whose recall may not have been accurate. In addition, 
individuals naturally immunized as children may still have 
been vaccinated by their pediatrician; however, if they had no 
memory of the event and there was no record of it, because in 
the past vaccination was not consistently reported, then bias 
may have inadvertently been introduced into the study. This 
problem has been discussed in the literature, although self- 
reported information is still considered to be a good investiga-
tive tool.25-27 In particular, an Italian 2007 study showed that 
a self-reported measles history had a positive predictive value 
of 94.7%28 and a 2006 survey among HCWs showed 
a predictive value of 92%.29 Moreover, our results may have 
been partly influenced by the epidemiological change that has 
occurred in recent years, which has made exposure to natural 
boosters less frequent. Finally, the level of functional antibo-
dies, i.e. neutralizing antibodies, measured through virus neu-
tralization assays and cellular immunity have not been 
measured and so next studies must focus on these elements 
to achieve more robust conclusions.

A key to the interpretation of our data is to define the role of 
circulating antibodies and memory B cells in protecting against 
wild virus. Protection correlates better with the quality and 
quantity of the induced neutralizing antibodies, but the devel-
opment of immunity against the disease is probably largely 
determined by T cells.9 Studies on macaques have shown that 
neutralizing antibodies provide protection from the disease 

Figure 2. Kaplan-Meier PAS estimates for the vaccine and disease groups. 
p<0.0001.

Table 3. Multivariate cox semiparametric regression analysis of the risk predictors 
of PAS.

Variable aHR 95%CI p-value

Group (vaccine vs. disease) 11.8 6.1–22.9 <0.0001
Age at enrollment (years) 0.87 0.80–0.95 0.002
Male (yes/no) 0.88 0.57–1.35 0.549
Chronic disease (yes/no) 0.71 0.37–1.38 0.310

Chi2 = 2.0; p = 0.160
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(rash) but not necessarily from infection and that T cells alone 
do not protect against either infection or disease but instead 
facilitate the clearance of viral RNA.9 Indeed, the role of cell- 
mediated immunity in the long-term response to the vaccine/ 
disease (and consequent protection against measles) is dis-
cussed controversially in the scientific literature. Amanna 
et al., in a 2017 study,30 conducted a prospective observational 
analysis of antibody titer changes in 45 individuals over 
a period of more than 26 years. Antigen-specific memory 
B cells were measured and their levels compared with those 
of the corresponding antibodies. The authors determined an 
association between the levels of memory B-cell and the con-
centration of antibodies against measles, based on the assump-
tion that serum antibodies and memory B cell levels are equally 
stable but independently maintained. However, a direct cause- 
and-effect relationship could not be established.30 A 1975 study 
highlighted the role of cellular immunity and postulated that 
the cell-associated immune system is the main host defense 
against measles. The findings were based on the observed 
responses to measles in agammaglobulinemic children and 
the death of these children but not those with a thymus defi-
ciency who also contracted measles.24 However, a 2016 study 
found that the contribution of T cells to protection is generally 
minor compared to that of neutralizing antibodies.6 

Nonetheless, field experience has shown that during measles 
outbreaks vaccinated individuals have been among the 
infected.31,32

While further research is needed, our study clearly showed 
that natural immunity is both more robust and longer-lasting 
than vaccine immunity. However, this finding should not lead 
to a questioning of the role of measles vaccination. It is well- 
established that the complications of measles are more frequent 
and more serious than any vaccine-related adverse reaction.1,33 

For example, in a recent study published in Science,34 Mina 
et al. described the long-term damage to immune memory 
caused by measles infection. They found that measles infection 
can greatly diminish previously acquired immune memory, 
potentially leaving individuals at risk of infection by other 
pathogens. The same authors showed that the MMR vaccine 
does not impair the immune repertoire and that the loss of 
antibodies that occurs in measles virus infection does not 
appear to accompany MMR vaccination.34 In light of this 
evidence, the MMR vaccine remains the most effective, safe 
and cost-effective tool for preventing measles.

The elimination of measles is a 20-year objective of national 
and international Public Health institutions.35 The results of 
this study highlight the risk of a loss of antibodies over time. 
Thus, from now until the next 10–20 years, the vaccinated 
population can be expected to lose circulating antibodies 
such that their susceptibility to measles may increase. 
Moreover, since it is highly unlikely that measles will be elimi-
nated in the immediate future, a part of individuals vaccinated 
several years ago will soon lose their circulating antibodies, 
such that outbreaks of the disease in the coming years can be 
expected. Recently, Kurata et al. described a cluster of measles 
cases, seven of which (including the index case) involved fully 
vaccinated individuals.36 The confirmation of our results may 
lead to a revision of the mathematical algorithms used in 
disease elimination strategies. Current mathematical models37 

applied to reach the elimination goal consider the vaccinated 
population to be 100% immunized, ignoring the possibility of 
vaccination failure or the waning of circulating antibodies in 
those previously vaccinated (20% in our sample) or with 
a history of measles (6%).

In the absence of a revised strategy, our combined screening 
and vaccination approach allows safe access to healthcare envir-
onments by ensuring that HCWs are immune to circulating 
pathogens responsible for preventable diseases. The introduction 
of a third MMR dose for serosusceptible HCWs, both vaccinated 
and naturally immunized, showed high levels of efficacy and 
safety; furthermore, the above described strategy showed good 
compliance by health personnel, a critical determinant in the 
immunization of HCWs, as evidenced by many studies in 
literature38,39 The benefits of our approach also include economic 
ones, as it will lead to a lowering of the risk of measles outbreaks 
and therefore their associated costs;40 indeed, the cost of serologi-
cal screening eventually followed by third MMR dose has less 
impact on public funds compared to the measures required in 
the context of epidemic outbreaks. Our screening model is applic-
able and implementable in a short time for HCWs in epidemiolo-
gical contexts similar to that described by us; over time the results 
of further experiences will confirm the effectiveness of this strategy 
and the effects on the field could be measured with a zeroing of 
nosocomial clusters of measles in the structures where it is applied. 
Finally, a 2019 meta-analysis21 showed a prevalence of Italian 
HCWs susceptible to measles equal to 12% and so firm measures 
of control and prevention are needed to reduce the risk of measles 
in nosocomial environment and its complication especially in high 
risk patients.
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