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Abstract

:

Background: Despite the National Plan for the Elimination of Measles and congenital Rubella (NPEMcR), in 2017, a measles outbreak occurred in Italy, due to sub-optimal vaccination coverage (<95%) for many years. Since that year, the anti-measles vaccination became compulsory in minors (0–16 years) for school attendance. The aim of our study was to assess the immunity/susceptibility against measles in a representative sample of pediatric and adolescent (1–18 years) residents of the province of Florence (Tuscany, Italy), and to compare these results with two previous surveys (2003 and 2005–2006). Methods: The enzyme-linked immunosorbent assay (ELISA) was applied for a qualitative measurement of anti-measles antibodies on 165 sera. The anamnestic and vaccination status was also collected. Results: No measles notification was reported. The overall seropositivity was 88.5%; mostly in the 5–9 years old subjects (97.9%). Among the 152 vaccinated, 92.1% were positive. The seropositivity persisted after many years since the last dose of vaccine and tended to be more long-lasting in those who had received two or three doses. The susceptibility towards measles decreased over time, reaching a lower value in the current survey (8.5%) than in 2003 (30.8%) and in 2005–2006 (25.5%). Conclusions: This study confirmed the anti-measles vaccination campaign success, which allowed for the increase in vaccination coverage and immunity levels against measles in the Florentine pediatric and adolescent population following the NPEMcR implementation.
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1. Introduction


Measles is a highly contagious viral infectious disease known globally. Despite the availability of an effective and safe vaccine since 1960s, the mortality amongst young children (1–3 years old) remains high worldwide [1]. Although vaccination contributed to reduce the global measles deaths (79% in the period 2000–2018) and prevented 17.1 million measles-related deaths during 2000–2014, measles still occurs often in developing countries, especially in some parts of Asia and Africa [2].



The measles virus (MV) belongs to the genus Morbillivirus of the family Paramyxoviridae. It is an enveloped, single-stranded, negative-sense RNA virus [3]. Typically, MV is transmitted through saliva droplets over short distances but also by small aerosol particles that remain suspended for several hours in the air. The measles incubation phase is quite long: about 10 days before fever occurs (accompanied by cough, coryza, and conjunctivitis) and 14 days before rash appearance [4]. Measles is characterized by both seasonal epidemics and longer cycles. The first mainly occur in the winter because of an intensification of social risk factors (i.e., crowded enclosed places); the second, on the other hand, is mainly due to an accumulation of susceptible subjects who have never been vaccinated or previously contracted the disease [5]. The aim of the World Health Organization (WHO) was the elimination of this disease in five out of six regions within 2020. America is the only one to have reached this goal thus far [2]. Nevertheless, the USA experienced several outbreaks in 2018–2019, especially in the states of New York and New Jersey. Most cases were linked to unvaccinated travelers who brought back the virus from Israel, spreading the infection primarily in Orthodox Jewish communities [6].



Measles in still an endemic infectious disease in 14 European countries, including Italy. In the last 4 years, many European countries faced a measles epidemic outbreak. The European Centre for Disease prevention and Control (ECDC) is constantly monitoring the situation and, according to the last annual epidemiological report of 2019, 13,200 cases of measles were reported by 30 EU/EEA Member States. France, Romania, Italy, Poland and Bulgaria accounted for 65% of all reported cases in 2019, although their combined populations only represent approximately 37% of the EU/EEA population. Around 73% of the total cases of infected subjects were not vaccinated; this highlights the problem of vaccine hesitancy, which still represents one of the major public health concern [7,8]. The overall report rate was 25.4 cases per 1,000,000 population, which was lower than in 2018 and 2017 (34.4 and 35.5), but much higher than the rates observed in 2015–2016 (7.8–9) before the start of the epidemic in Europe. Furthermore, in 2019, there were 10 reported deaths due to measles (case–fatality: 0.09%) and the age-specific report rates decreased with increasing age, with unvaccinated children < 1 year and those aged 1–4 years most affected. Children below 5 years of age accounted for 28% of the cases, while adults aged 20 years and above accounted for 49% of the cases [2]. For the measles elimination goal to be reached, ECDC recommends many countries to increase coverage and uptake of their routine childhood immunization programs. They would also need to close immunity gaps in adolescents. In Italy, a surveillance system to efficiently monitor the measles spread has been established in 2014. In 2017, due to low levels of vaccination coverage (VC), a measles outbreak occurred in Italy, mirroring the European scenario [9,10]. Almost 5000 cases (4991 cases) have been reported (mostly < 1 year old and young adults >15 years old), either unvaccinated or vaccinated with a single dose [11]. According to the last report published in January 2020, 1627 cases were reported in 2019 (incidence is 27 cases/million). In the same year, all Italian regions have reported cases; however, 58% of them were reported to be in the Lazio and Lombardia regions. The median age was 27 years old, and 62 cases in children of <1 year old have also been reported. The report states that 86.2% of the cases were not vaccinated at the time of infection, and 31% developed at least one complication. Furthermore, 96 cases amongst the healthcare workers and 43 amongst school system workers have been reported [12,13]. The average measles immunization coverage at the 24th month in Italy is 93.2%; importantly, Tuscany is the Italian region with the highest immunization coverage at 24 months [14]. The measles epidemiology in Tuscany follows the Italian overall trend. Measles incidence dropped from 383 cases in 2017 to 90 cases in 2018, and the median age was similar to the national one (29 years vs. 27 years), which considerably increased compared to 1994 (about 16 years old) [15,16]. The lowest VC at 24 months in Tuscany was reached in 2001 (83.6%), peaking then in 2019 (95.3%) due to the introduction of the measles vaccine as mandatory for the school attendance in 2017 [15,17]. The measles outbreak in Italy, and specifically in Tuscany, has been monitored over the years, highlighting how the vaccination promotion programs have greatly helped in increasing the immunization coverage [18,19,20]. The most effective tool to prevent measles is through vaccination, which provides a long-lasting immunity for decades, even without boosting after the primary immunization course [21].



The current available vaccines in Italy are attenuated live vaccines in two different formulations: trivalent MMR (measles–mumps–rubella) and quadrivalent MMRV (measles–mumps–rubella–varicella). In Italy, the vaccination schedule recommends one dose between the 13° e 15° month, and the second at 5–6 years old. For unvaccinated adolescents and susceptible adults, two doses at 4 weeks distance are recommended [22]. Therefore, there is a strong need to implement the vaccination program and ensure a VC > 95%, recommended by WHO, in order to protect people who cannot be vaccinated via herd immunity.



The aim of our study was to assess the immunity/susceptibility to measles in a representative sample of a pediatric and adolescent (1–18 years) resident population in the province of Florence. Sera collected at the blood sampling center of the Meyer Children’s Hospital in Florence have been analyzed aiming to find anti-measles IgG antibodies. This study is part of a wider project which include the investigation of other infectious diseases like rubella, varicella, hepatitis A and B and tetanus [23]. Despite the compulsory vaccination order since July 2017, epidemics are still observed. Additionally, another purpose of this study was to compare the obtained results with the data of the previous seroepidemiological surveys carried out in 2003 and 2005–2006 within the same geographical area in order to describe the temporal trend of the immunity level against measles for the pediatric and adolescent population. Furthermore, we wanted to assess if the presence of the antibodies in the sera was due to a natural infection or due to the vaccination, and to assess the VC with the administration of one or two vaccine doses.




2. Materials and Methods


The recruitment and sera collection methods adopted in this study were the same as those used by Zanella et al., 2020, in which hepatitis B seroprevalence was investigated [23]. The collection of blood samples took place during the period December 2017–April 2018 at the blood sampling center of Meyer Children’s Hospital. All parents or guardians of the enrolled subjects gave written consent for the inclusion before enrollment. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by local ethics committees (Project identification code: DSS-UNIFI, n. registro pareri 98/2017). In a post hoc analysis, the calculated sample size was 162 sera, estimating the expected seroprevalence of anti-measles virus equal to 85%, an accuracy of 5.5% and a confidence level of 95%. This value represents 0.1% of the resident population of Florence aged 1–18 years among 166,644 subjects in 2017 in the same age group [24]. This is also proportionally related to the population composition for both age group and gender. Thus, no further standardization was required.



The National Registry of Notifications for Infectious Diseases (SIMI software: Epi Info, Rome, Italy) was consulted to assess the anamnestic status of each subject. Through the vaccination registers, SISPC (Collective Prevention Healthcare Information System; Consortium Metis, Tuscany, Italy) and Caribel (Aster, Tuscany, Italy) (the current and the previously used VC software in the Tuscany region, respectively), we retrieved the vaccination status for measles, the number of measles vaccine doses, the year of the last dose, and, when available, the type of the last administered vaccine for each enrolled subject. The serological profile towards measles obtained in the present study was compared with two previous serological surveys carried out in 2003 and 2005–2006 within the area of Florence [19].



We excluded non-residents in the province of Florence, immunocompromised patients, subjects under immunosuppressive treatment, those with an acute infectious disease (rubella, varicella, hepatitis A, and hepatitis B) in the previous two weeks, and those who had received a blood transfusion within the six months prior to the study. All the collected blood samples were centrifuged (1600 rpm at 4 °C), and the recovered sera were stored at −20 °C until tested for measles.



All the sera were tested for anti-measles antibodies.



The commercial Enzygnost® Measles Anti-virus/IgG enzyme-linked immunosorbent assay (ELISA) (Siemens Healthcare Diagnostics Products GmbH–Germany) was used to perform a qualitative measurement of anti-measles antibodies. The cut-off values are as below:




	
Anti-measles/IgG negative ΔA < 0.100 (cut-off);



	
Anti-measles/IgG positive ΔA > 0.200;



	
Anti-measles/IgG equivocal 0.100 ≤ ΔA ≤ 0.200.








Where ΔA is the OD value obtained for each sample—the OD value of the same sample containing the control measles antigen (OD: optical density).



Equivocal samples were tested a second time. If the result came out as positive, the sample was considered positive; on the other hand, if the result was negative, the sample was considered negative. If the result was still equivocal, the final outcome of that sample was equivocal.



For the analysis, subjects were divided by age group, sex, and nationality. Particularly, children who were born in Italy (yet not holding the Italian citizenship) were considered as Italians; the remaining were foreigner or holding a dual-nationality (not Italian).



The statistical analysis on the seroprevalence was performed assuming as non-positive the subjects found to be negative or equivocal. Differences between nationality, sex, age, vaccination status, number of doses of vaccine and time elapsed since the last dose of vaccine were evaluated. Furthermore, statistical significances were assessed with the two-tailed chi-squared test or Fisher’s exact test when the chi-squared test was not applicable. Simple logistic regression analysis were performed for the vaccinated population considering serological status (positive or non-positive) as the outcome (dependent) variable to assess if the time elapsed since the last dose of vaccine, the age group and the number of doses of vaccine were significantly associated as independent variables. For all the analyses, a p-value < 0.05 was considered significant. The statistical analyses were conducted using RStudio 1.2.5033 (RStudio Team, 2019. RStudio: Integrated Development for R. RStudio, Inc., Boston, MA; URL: http://www.rstudio.com).




3. Results


The present study included 165 subjects aged 1–18 years divided into four age groups, as shown in Table 1. Males and females represented the 53.3% and 46.7% of the study population, respectively. Most of the enrolled subjects were Italian citizens (90.3%), the remaining part consisted of subjects having not-Italian citizenship: either dual nationality or foreigner (9.7%). The participants resided in 35 different districts of Florence, and about 48% of them were living in the city of Florence.



3.1. Measles Antibodies Qualitative Measurement


Table 2 shows the percentage of the positive, negative and equivocal subjects in relations to their sex (male and female) and their nationality (Italian or not Italian). Amongst the 165 samples, 146 were positive (88.5%), 14 were negative (8.5%) and 5 were equivocal (3%). There was no significant difference in the percentage of seropositive subjects (p > 0.05) among the male and female groups, and among the Italian and not-Italian groups.



The majority of the positive subjects were in the age group 5–9 years old (47/48 subjects corresponding to 97.9%) followed by the 1–4 years group (35/40 subjects corresponding to 87.5%), 15–18 years group (23/27 subjects corresponding to 85.2%) and finally the 10–14 years group (41/50 subjects corresponding to 82%) (Figure 1). Logistic regression analysis was used to evaluate the odds of being positive vs. not positive in different age groups, resulting in no significant difference in the percentage of seropositive subjects among the age groups (p > 0.05).



Figure 2 describes the distribution (%) of the age groups in the positive, negative and equivocal sera. In the positive ones, the most represented age group is the 5–9 years old group (32.2%), followed by the 10–14 years old group (28.1%), the 1–4 years old group (24%) and the 15–18 years old group (15.8%). Amongst the negative results instead, the two age groups most represented are the 1–4 years old and the 10–14 years old groups, both 35.7%, followed by the 15–18 years old group (21.4%) and the 5–9 years old group (7.1%). The smallest number of equivocal sera (5) is in the two oldest age groups.




3.2. Measles Notification, Vaccination Status and Seroprevalence Assessment


According to SIMI, none of the enrolled subjects were notified for measles.



The secondary aim of this study was to assess the vaccination status of each subject and relate it to the seroprevalence found (Table 3). Most of the enrolled population was vaccinated (92.1%), and the vaccine administered was MMR and/or MMRV. Among the 152 vaccinated subjects, 140 were positive (92.1%), while 8 were negative (5.2%) and 4 were equivocal (2.7%). The most pronounced seroprevalence in the vaccinated was in the 5–9 years old group (100% of positive samples), followed by the 1–4 (97.1%), 15–18 (89.2%) and 10–14 years old groups (84.1%).



On the other hand, the unvaccinated subjects were 13/165 (7.9%). Among them, six were positive (46.1%), six were negative (46.1%) and one was equivocal (7.8%). The non-positivity status (negative and equivocal) was represented by four subjects aged 1–4 years, one subject aged 5–9 years and two subjects aged 10–14 years. As expected, the vaccination status was found to be strongly associated with the seroprevalence status (p < 0.0001).



Furthermore, we retrieved the number of vaccine doses the subjects had received in their lifetime, and we evaluated the seroprevalence trend. Figure 3 shows that 98% of the subjects who had received one dose were positive, and 2% were negative to serological test: 49/50 and 1/50, respectively. Among subjects who had received two or three doses of vaccine, 89.2% (91/102) resulted positive, 6.9% (7/102) negative and 3.9% (4/102) equivocal. No significant difference in the seroprevalence status related to the number of received doses was found (p >0.05).



Figure 4a–c show the number of positive, negative and equivocal subjects in relation to the distance from the last dose of vaccine received. Figure 4a shows the overall scenario, in which measles seropositivity remains high up to eight years since the last dose in subjects who had received both the doses. In Figure 4b, we can observe that all those vaccinated with just the first dose are positive (100%) except one, who received the vaccination in the same year of recruitment. On the other hand, although subjects who received two/three doses present a slightly higher number of negative/equivocal subjects, the seroprevalence appears to be long-lasting up to 13 years since the last dose (Figure 4c). The negative and equivocal subjects are among those who received two/three doses, from 6 to 14 years before the serological test (Figure 4c).





4. Discussion


This study aimed to assess the anti-measles seroprevalence in a pediatric and adolescent (1–18 years) population resident in the province of Florence, enrolled between 2017 and 2018. Regarding the nationality, our sample population reflects the overall Italian situation: almost 17% is represented by children with a non-Italian citizenship, where in Italy children born from at least one foreign parent were ~20% in 2018 [25]. There was no notification of measles disease in our enrolled sample; this agrees with the fact that in the recent Italian epidemics, the average age was 27 years old [12].



Considering the seroprevalence results, 88.5% of the total number of subjects presented anti-measles antibodies, whilst 8.5% did not. A previous study focusing on the measles seroprevalence in Tuscany [19] reported that susceptible people (1–19 years old) were about 30.8% in 2003 and about 25.5% in the period of 2005–2006. It is notable how the susceptibility trend decreases over time reaching the lowest point in the current survey (8.5%). In particular, the seroprevalence trend considerably increased in the age groups 1–4 (87.5%) and 5–9 years old (97.9%) compared to the previous surveys performed in 2005–2006 (respectively 76.2% and 84.2%) and in 2003 (62.1% for the 1–4 years old group, and 60% for the 5–9 years old group). The recent decrease in the susceptibility towards measles in the pediatric and adolescent population of Tuscany, together with the increased measles seroprevalence, is mainly attributable to all the preventive activities performed in Italy following the adoption of the “National Plan for the Elimination of Measles and congenital Rubella (NPEMcR)” [20]. The first national plan was realized in all Italian regions in 2003, and it had been continuously implemented up to the last NPEMcR 2010–2015, approved in 2011 [22]. Even if measles outbreaks continued to occur, our results confirm the great impact of the immunization activities in the pediatric and adolescent population in Tuscany, where the WHO thresholds for the elimination of measles in the European Region have been achieved for the first time in the three age groups. According to our results, the percentage of susceptible subjects aged 1–4 years old (12.5%) and 5–9 years old (2.1%) is under the threshold established for the European region to reach the elimination of measles, which is fixed at 15% for children aged 1–4 years and 10% for those aged 5–9 years. [26].



In Tuscany the lowest VC at 24 months was reported in 2001 (83.6%), increasing progressively until 2009 (92.6%), then decreasing again, reaching 88.7% in 2015. The reasons behind the missed measles vaccination in 2017 in Italy were reported to be “total dissent” (4.8%) and “found/contacted but did not attend the appointment” (2.3%); moreover Sicily, Friuli Venezia-Giulia, Veneto, Marche and the Autonomous Province of Trento presented a higher percentage of missed measles vaccination compared to the national value [8]. The missed vaccination issue is part of the wider phenomenon of the parental vaccine hesitancy (“no-vax movements”) in which religious and moral beliefs, complacency and skepticism made the perception of vaccine as scary and unnecessary [7,27]. In order to face this negative sentiment and to contrast the decreasing trend in immunization coverage in 2017, an Italian national law, the “Vaccine Decree”, [22] introduced measles vaccination as mandatory to enter the school for subjects between 0 and 16 years of age. The lowest percentage of positive subjects was found in the age group 10–14 (82%) followed by the 11–18 years old group (85.2%). This result was expected since the lower antibody presence in these groups compared to the previous two may be due to the longer distance since the last vaccine dose, as demonstrated by the measurement of measles-neutralizing antibodies in the subjects’ sera at different time points after vaccination [28,29]. It could also reflect the immunization coverage data of these birth cohorts.



Taking into account the vaccination status of the subjects, it is notable that most of them had received at least one dose of measles vaccine (98%). However, not all of them were positive to the anti-measles ELISA test; thus, 8/152 were negative despite vaccination. This could be explained by the fact that not enough time had gone by to develop anti-measles IgG antibodies. As a matter of fact, IgG antibodies typically appear 12–15 days after vaccination and peak at 21–28 days. Other reasons could be found in the presence of inhibitory maternal antibodies or in the immunological maturity of the toddler (case of the one-year old boy in our sample). Moreover, as known, the efficacy of the first measles dose is 95%; in this condition, 5% of vaccinated subjects receiving only one dose remained unprotected. Thus, this is why a second measles vaccine dose is needed to catch up non-responders to the first dose of vaccine. Lack of measles antibodies despite vaccinations could also depend on the vaccine dose and strain of the virus contained in the vaccine [21,30]. Importantly, it has been widely demonstrated that those vaccinated lose the antibody titer over time [29,31]; thus, it was recently reported that even people who received two doses of vaccine developed measles in California [32] and Spain [33]. Among the 13 unvaccinated subjects, 6 of them were found to be positive according to the ELISA test. Notably, none of them were reported to have had the disease. Probably, either the healthcare worker did not correctly record the vaccination, or the disease was underreported or misreported. The level of measles notification varies greatly not only between Italian regions but also by the age of the subject, leading to misinterpretation of the epidemiological data [34,35]. Four of these subjects have a non-Italian nationality, coming from the Philippines, Senegal and Burkina Faso. For the latter two countries, data on VC are high (85–90%), and measles report rates are low [36,37]; whereas in the Philippines, the VC dropped in the last years, reaching values below 70%, and measles cases were highly reported, especially in the years 2014 and 2018 [38]. Thus, possibly the Philippine child developed measles disease in his own country or missed the vaccine dose; however, children from Senegal and Burkina Faso probably had been administered the vaccination or had the disease and, these were not appropriately reported. Moreover, 4/152 subjects who had received two vaccine doses resulted in being weakly protected according to the equivocal outcome of the serological test. It is likely that they developed either a weak response to the vaccine or they showed a low antibody detection due to the distance since the last dose (six to twelve years) [28].



Analyzing the administered doses in the four age groups, we can observe that the whole 1–4 year old group was vaccinated. In the 5–9 years old group, 67% had received two doses, and one-third had received one. These results are consistent with the Italian vaccination schedule, which recommends a second dose between 5–6 years old before school entry. Only one subject in the 10–14 years old group had received just one vaccine dose.



The highest percentage of anti-measles seroprevalence was found in children who received one dose of vaccine (98%) and, more recently, was followed by those received two/three doses (89.2%), even after a long time (up to 13 years) prior to the serological test, as already observed in the literature [39,40]. Despite the fact that the percentage of seropositivity in subjects who received two or three doses was lower than the percentage measured in those who received just one dose, this result was not confirmed by the statistical analysis carried out, and it is reasonable to consider it a vaccination campaign success. Overall, the number of positive subjects remains high until the seventh–eighth year since the last dose. Notably, the seroprevalence is very high in almost all the subjects vaccinated with the first dose; moreover, despite the presence of negative and equivocal subjects vaccinated with two or three doses, the presence of measles antibodies lasts up to 13 years from the last dose, confirming the long-lasting effectiveness of the vaccine.




5. Conclusions


Our study assessed the measles seroprevalence in a sample of sera representative of the pediatric and adolescent population residing in the province of Florence. The overall seropositivity was 88.5%, and highest immunity level were found in the 5–9-year old subjects (97.9%). Furthermore, comparing these results with two previous serosurveys carried out in 2003 and 2005–2006, the current study highlighted a dramatic decrease in susceptibility towards measles (8.5%), with a lower value than in 2003 (30.8%) and in 2005–2006 (25.5%).



Vaccinating against measles is a cost-effective preventive intervention, and it is recognized by WHO as a public health priority in order to achieve the goal of its elimination. Importantly, in the recent COVID-19 pandemic, a hypothesis which is still under assessment has arisen regarding the possibility that vaccination against measles may work as a preventive tool for coronavirus as well. Studies speculate that the lower incidence and mortality rates of the SARS-CoV-2 infections among children below 9 years old could derive from a cross-protective effect by the antibodies developed after the anti-measles vaccination. [41]. Whilst currently there are not sufficient information about it, if research studies confirm these preliminary data, promotion of the anti-measles vaccination could potentially be used as a further preventive strategy while a safe and effective vaccine against SARS-CoV-2 is still pending.



This study confirms that the promotion of measles vaccination campaigns were successful when considering the Florentine pediatric and adolescent population. The effort in increasing the vaccination coverage resulted in Tuscany being the leader region in Italy with the highest measles immunization coverage at 24 months [39]. In addition, serological studies allow the monitoring of immunization levels in a population over time. Our results highlighted a marked increase in the immunity levels against measles among the pediatric and adolescent population residing in the province of Florence when compared with two previous serological surveys carried out in the same area. The low susceptibility rates measured in the first two age groups may represent the step towards the elimination of measles at local and regional levels. Finally, in order to reach the complete nationwide measles elimination, it is essential to maintain a high level of immunization against measles. This can be done by not only reinforcing vaccination strategies, but also increasing the quality of surveillance. Seroprevalence studies are confirmed as an essential tool to monitor the immunization status of the general population at regional and national levels.







Author Contributions


Conceptualization, P.B., A.B., S.B., E.T., B.Z.; methodology, P.B., A.B., S.B., E.T., B.Z.; validation, P.B., A.B., B.Z.; formal analysis B.Z., P.B., A.B., B.B., M.D.R.; investigation, B.Z., W.G.D.; resources, P.B., W.G.A. (Working Group AOUMeyer); data curation, B.Z., W.G.A. (Working Group AUSLTC); writing—original draft preparation, B.Z., B.B., M.D.R.; writing—review and editing, P.B., A.B.; visualization, B.Z., B.B.; supervision, P.B., A.B.; project administration, P.B., W.G.A. (Working Group AOUMeyer), W.G.A. (Working Group AUSLTC). All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


Working Group DHS: J.B.; I.B.; M.C.; G.S.; M.I.; F.M.; A.N.; D.P.; Working Group AOUMeyer: F.P.; P.B.; A.S.; F.B.; R.S.; S.M.; Working Group AUSLTC: L.B.; M.D.F.; G.G.; G.M.; S.B.; M.G.S.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



WHO. Immunization, Vaccines and Biologicals-Measles. Available online: https://www.who.int/immunization/diseases/measles/en/ (accessed on 10 July 2020).

	



ECDC. Annual Epidemiological Report for 2019; ECDC: Stockholm, Sweden, 2020. [Google Scholar]

	



Moss, W.J. Measles. Lancet 2017, 390, 2490–2502. [Google Scholar] [CrossRef]

	



Laksono, B.M.; de Vries, R.D.; Verburgh, R.J.; Visser, E.G.; de Jong, A.; Fraaij, P.L.A.; Ruijs, W.L.M.; Nieuwenhuijse, D.F.; van den Ham, H.J.; Koopmans, M.P.G.; et al. Studies into the mechanism of measles-associated immune suppression during a measles outbreak in the Netherlands. Nat. Commun. 2018, 9, 4944. [Google Scholar] [CrossRef] [PubMed]

	



Misin, A.; Antonello, R.M.; Di Bella, S.; Campisciano, G.; Zanotta, N.; Giacobbe, D.R.; Comar, M.; Luzzati, R. Measles: An overview of a re-emerging disease in children and immunocompromised patients. Microorganisms 2020, 8, 276. [Google Scholar] [CrossRef] [PubMed]

	



ECDC. Measles Cases in 2020. Available online: https://www.cdc.gov/measles/cases-outbreaks.html (accessed on 24 July 2020).

	



Siani, A. Measles outbreaks in Italy: A paradigm of the re-emergence of vaccine-preventable diseases in developed countries. Prev. Med. (Baltim.) 2019, 121, 99–104. [Google Scholar] [CrossRef] [PubMed]

	



Gianfredi, V.; D’Ancona, F.; Maraglino, F.; Cenci, C.; Iannazzo, S. Polio and measles: Reasons of missed vaccination in Italy, 2015–2017. Ann. Ig. 2019, 31, 191–201. [Google Scholar] [CrossRef] [PubMed]

	



Signorelli, C.; Odone, A.; Cella, P.; Iannazzo, S.; D’Ancona, F.; Guerra, R. Infant immunization coverage in Italy (2000–2016). Ann. Ist. Super. Sanità 2017, 53, 231–237. [Google Scholar]

	



Ministero della Salute. Infectious Diseases News. Available online: http://www.salute.gov.it/portale/news/p3_2_1_1_1.jsplingua=italiano&menu=notizie&p=dalministero&id=2971 (accessed on 6 July 2020).

	



Antimorbillo. Available online: https://www.regione.toscana.it/-/antimorbillo (accessed on 24 July 2020).

	



Istituto Superiore di Sanità Morbillo & Rosolia News. Available online: https://www.epicentro.iss.it/morbillo/bollettino/RM_News_2019_58.pdf (accessed on 24 July 2020).

	



Vaccini e Vaccinazioni-Riflessioni Sulle Coperture Vaccinali 2017. Available online: https://www.epicentro.iss.it/vaccini/CopertureVaccinali2017 (accessed on 24 July 2020).

	



Vaccini e Vaccinazioni-le Vaccinazioni in Italia. Available online: https://www.epicentro.iss.it/vaccini/dati_Ita#morbillo (accessed on 20 July 2020).

	



ARS Toscana La Sorveglianza Epidemiologica Delle Malattie Infettive in Toscana. Rapporto Novembre 2019. Available online: https://www.ars.toscana.it/images/pubblicazioni/Rapporti/2019/Rapporto_malattie_infettive.pdf (accessed on 6 July 2020).

	



Bechini, A.; Levi, M.; Boccalini, S.; Tiscione, E.; Panatto, D.; Amicizia, D.; Bonanni, P. Progress in the elimination of measles and congenital rubella in Central Italy. Hum. Vaccines Immunother. 2013, 9, 649–656. [Google Scholar] [CrossRef]

	



Ministero della Salute. Decreto Legge 7 Giugno 2017. Available online: https://www.trovanorme.salute.gov.it/norme/dettaglioAtto?id=59548 (accessed on 6 July 2020).

	



Del Fava, E.; Shkedy, Z.; Bechini, A.; Bonanni, P.; Manfredi, P. Towards measles elimination in Italy: Monitoring herd immunity by Bayesian mixture modelling of serological data. Epidemics 2012, 4, 124–131. [Google Scholar] [CrossRef]

	



Bechini, A.; Boccalini, S.; Tiscione, E.; Pesavento, G.; Mannelli, F.; Peruzzi, M.; Rapi, S.; Mercurio, S.; Bonanni, P. Progress towards measles and rubella elimination in Tuscany, Italy: The role of population seroepidemiological profile. Eur. J. Public Health 2010, 22, 133–139. [Google Scholar] [CrossRef]

	



Bonanni, P.; Bechini, A.; Boccalini, S.; Peruzzi, M.; Tiscione, E.; Boncompagni, G.; Mannelli, F.; Salmaso, S.; Filia, A.; degli Atti, M.C. Progress in Italy in control and elimination of measles and congenital rubella. Vaccine 2007, 25, 3105–3110. [Google Scholar] [CrossRef]

	



WHO. Immunological Basis for Immunization Series Module 7: Measles. Available online: https://apps.who.int/iris/bitstream/handle/10665/44038/9789241597555_eng.pdf;jsessionid=760769E3C7D3E05A4884C59F09B6CFF0?sequence=1 (accessed on 6 July 2020).

	



Ministero della Salute. Piano Nazionale Prevenzione Vaccinale 2017–2019. 2017. Available online: http://www.salute.gov.it/imgs/C_17_pubblicazioni_2571_allegato.pdf (accessed on 24 July 2020).

	



Zanella, B.; Bechini, A.; Boccalini, S.; Sartor, G.; Tiscione, E.; Bonanni, P. Hepatitis B Seroprevalence in the Pediatric and Adolescent Population of Florence (Italy): An Update 27 Years after the Implementation of Universal Vaccination. Vaccines 2020, 8, 156. [Google Scholar] [CrossRef] [PubMed]

	



GeoDemo Istat. Popolazione Residente al 1° Gennaio 2017 nella Provincia di Firenze. Available online: http://demo.istat.it/pop2017/index.html (accessed on 24 July 2020).

	



ISTAT. NATALITÀ E FECONDITÀ DELLA POPOLAZIONE RESIDENTE|ANNO 2018 Natalità. Available online: https://www.istat.it/it/archivio/235964 (accessed on 6 July 2020).

	



WHO. Eliminating Measles and Rubella and Preventing Congenital Rubella Infection; European Regional Strategic Plan 2005–2010. Available online: https://www.euro.who.int/__data/assets/pdf_file/0008/79028/E87772.pdf (accessed on 24 July 2020).

	



Tafuri, S.; Gallone, M.S.; Cappelli, M.G.; Martinelli, D.; Prato, R.; Germinario, C. Addressing the anti-vaccination movement and the role of HCWs. Vaccine 2014, 32, 4860–4865. [Google Scholar] [CrossRef] [PubMed]

	



Anichini, G.; Gandolfo, C.; Fabrizi, S.; Miceli, G.B.; Terrosi, C.; Savellini, G.G.; Prathyumnan, S.; Orsi, D.; Battista, G.; Cusi, M.G. Seroprevalence to measles virus after vaccination or natural infection in an adult population, in Italy. Vaccines 2020, 8, 66. [Google Scholar] [CrossRef] [PubMed]

	



Carryn, S.; Feyssaguet, M.; Povey, M.; Di Paolo, E. Long-term immunogenicity of measles, mumps and rubella-containing vaccines in healthy young children: A 10-year follow-up. Vaccine 2019, 37, 5323–5331. [Google Scholar] [CrossRef] [PubMed]

	



Plotkin, S.A. Is There a Correlate of Protection for Measles Vaccine? J. Infect. Dis. 2019, 221, 1571–1572. [Google Scholar] [CrossRef]

	



Kennedy, R.B.; Ovsyannikova, I.G.; Thomas, A.; Larrabee, B.R.; Rubin, S.; Poland, G.A. Differential durability of immune responses to measles and mumps following MMR vaccination. Vaccine 2019, 37, 1775–1784. [Google Scholar] [CrossRef]

	



Cherry, J.D.; Zahn, M. Clinical characteristics of measles in previously vaccinated and unvaccinated patients in California. Clin. Infect. Dis. 2018, 67, 1315–1319. [Google Scholar] [CrossRef]

	



Risco-Risco, C.; Masa-Calles, J.; López-Perea, N.; Echevarría, J.; Rodríguez-Caravaca, G. Epidemiology of measles in vaccinated people, Spain 2003–2014. Enferm. Infecc. Microbiol. Clin. 2017, 35, 569–573. [Google Scholar] [CrossRef]

	



Williams, J.R.; Manfredi, P.; Butler, A.R.; Ciofi, M.; Salmaso, S. Heterogeneity in regional notification patterns and its impact on aggregate national case notification data: The example of measles in Italy. BMC Public Health 2003, 3, 23. [Google Scholar] [CrossRef]

	



Manfredi, P.; Cleur, E.M.; Williams, J.R.; Salmaso, S.; degli Atti, M.C. The pre-vaccination regional epidemiological landscape of measles in Italy: Contact patterns, effort needed for eradication, and comparison with other regions of Europe. Popul. Health Metr. 2005, 3, 1. [Google Scholar] [CrossRef]

	



WHO. Vaccine-Preventable Diseases: Monitoring System. 2019 Global Summary Senegal. Available online: https://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%5D%5B%5D=SEN# (accessed on 24 July 2020).

	



WHO. Vaccine-Preventable Diseases: Monitoring System. 2019 Global Summary Burkina-Faso. Available online: https://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%5D%5B%5D=BFA (accessed on 24 July 2020).

	



WHO. Vaccine-Preventable Diseases: Monitoring System. 2019 Global Summary Philippines. Available online: https://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%5D%5B%5D=PHL (accessed on 24 July 2020).

	



Adamo, G.; Baccolini, V.; Massimi, A.; Barbato, D.; Cocchiara, R.; Di Paolo, C.; Mele, A.; Cianfanelli, S.; Angelozzi, A.; Castellani, F.; et al. Towards elimination of measles and rubella in Italy: Progress and challenges. PLoS ONE 2019, 14, e0226513. [Google Scholar] [CrossRef] [PubMed]

	



Adamo, G.; Sturabotti, G.; Baccolini, V.; De Soccio, P.; Prencipe, G.P.; Bella, A.; Magurano, F.; Iannazzo, S.; Villari, P.; Marzuillo, C. Regional reports for the subnational monitoring of measles elimination in Italy and the identification of local barriers to the attainment of the elimination goal. PLoS ONE 2018, 13, e0205147. [Google Scholar] [CrossRef] [PubMed]

	



U.S. National Library of Medicine. Measles Vaccine in HCW (MV-COVID19). ClinicalTrials.gov Identifier: NCT04357028. Available online: https://clinicaltrials.gov/ct2/show/study/NCT04357028#contacts (accessed on 25 June 2020).








[image: Vaccines 08 00512 g001 550] 





Figure 1. Percentage of measles immunity distribution in the age groups. 
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Figure 2. Age group percentage distribution of the positive, negative and equivocal subjects. 
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Figure 3. Percentage distribution of positive, negative and equivocal subjects according to the number of vaccine doses received. 
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Figure 4. Seroprevalence in relation to time since last dose received. Total doses (a), one dose (b), two or three doses (c). Percentages are shown above each histogram. Logistic regression analysis was performed in the vaccinated population considering the serological status as the outcome (dependent variable) and the time elapsed since the last dose of vaccine as the independent variable. Time elapsed since last dose resulted in being associated with the seroprevalence status (OR 1.28; 95% CI: 1.08–1.55; p < 0.01). 
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Table 1. Enrolled subjects divided into age groups.
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	Age Group (Years)
	Enrolled Subjects (N)





	1–4
	40



	5–9
	48



	10–14
	50



	15–18
	27



	Total
	165
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Table 2. Anti-measles seroprevalence in the enrolled population. (n/N: number of subjects/total).






Table 2. Anti-measles seroprevalence in the enrolled population. (n/N: number of subjects/total).





	
Anti-Measles Seroprevalence




	
Group

	
POSITIVE

% (n/N)

	
NEGATIVE

% (n/N)

	
EQUIVOCAL

% (n/N)






	
Overall

	
88.5 (146/165)

	
8.5 (14/165)

	
3 (5/165)




	
Male

	
90.8 (79/87)

	
6.9 (6/87)

	
2.3 (2/87)




	
Female

	
85.9 (67/78)

	
10.3 (8/78)

	
3.8 (3/78)




	
Italian

	
90 (134/149)

	
7.3 (11/149)

	
2.7 (4/149)




	
Not-Italian

	
75 (12/16)

	
18.8 (3/16)

	
6.2 (1/16)
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Table 3. Status of the enrolled population.
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	Vaccination Status
	Age Group

(Years)
	Positive

% (n/N)
	Negative

% (n/N)
	Equivocal

% (n/N)
	Total

% (n/N)





	Vaccinated
	
	92.1 (140/152)
	5.2 (8/152)
	2.7 (4/152)
	92.1 (152/165)



	
	1–4
	97.1 (34/35)
	2.9 (1/35)
	0 (0/35)
	23 (35/152)



	
	5–9
	100 (47/47)
	0 (0/47)
	0 (0/47)
	30.9 (47/152)



	
	10–14
	84.1 (37/44)
	9.1 (4/44)
	6.8 (3/44)
	29 (44/152)



	
	15–18
	89.2 (33/37)
	8.1 (3/37)
	2.7 (1/37)
	17.1 (26/152)



	Unvaccinated
	
	46.1 (6/13)
	46.1 (6/13)
	7.8 (1/13)
	7.9 (13/165)



	
	1–4
	20 (1/5)
	80 (4/5)
	0 (0/1)
	38.4 (5/13)



	
	5–9
	0 (0/1)
	100 (1/1)
	0 (0/1)
	7.8 (1/13)



	
	10–14
	66.6 (4/6)
	16.7 (1/6)
	16.7 (1/6)
	46 (6/13)



	
	15–18
	100 (1/1)
	0 (0/1)
	0 (0/1)
	7.8 (1/13)











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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