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Abstract: Highly contagious diseases, such as mumps, are a global concern as new epidemics
continue to emerge, even in highly vaccinated populations. The risk of transmission and spread of
these viruses is even higher for individuals who are more likely to be exposed, including healthcare
workers (HCWs). In healthcare settings, both HCWs and patients are at risk of infection during the
care process, potentially leading to nosocomial epidemic outbreaks. Mumps is often underestimated
compared with measles and rubella, despite being milder and less likely to spread. In fact, the risk
of complications following mumps infection is extremely high, especially if the disease occurs in
adulthood. The measles–mumps–rubella (MMR) vaccine has been shown to be an excellent preventive
measure. Unfortunately, the mumps component appears to be less effective in inducing immunity
than those for measles and rubella (two-dose effectiveness of 85%, 95% and 97%, respectively). The
main aim of our study was to investigate the prevalence of detectable mumps antibodies (serum
IgG antibodies) in a cohort of Italian and foreign HCWs in relation to personal and occupational
factors. We included in the study 468 subjects who underwent health surveillance at the Occupational
Medicine Unit of the Tor Vergata Polyclinic in Rome during the period from January 2021 to March
2023. In our study, the proportion of HCWs found to be unprotected against mumps was very high
(8.3%), and those found to be immune are below the WHO threshold for herd immunity (95%). From
our data, it seems essential that all occupational health services carry out an accurate screening with
a dose of anti-mumps antibodies to assess serological protection before starting a job, regardless of an
individual’s vaccination history. This approach is proving to be beneficial, accurate, as it allows all
serologically non-immune individuals to be vaccinated in the workplace, including those who would
be protected by their vaccination history but have lost the antibody response.

Keywords: mumps; healthcare workers; immunity; vaccines; MMR vaccine

1. Introduction

Healthcare workers are believed to be at a higher risk of contracting mumps compared
to the general population [1–3]. Healthcare-related mumps is a public health concern
because of the potential for non-immune healthcare workers to infect susceptible patients
and colleagues, and mumps disease can spread very rapidly in hospital settings [1,4].

Compared with measles and rubella, the mumps vaccine is less immunogenic; there-
fore, it is possible that a considerable number of HCWs may fail to develop protective
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antibody titers when vaccinated, also following a full MMR vaccination (two doses). The
protective threshold of mumps IgG is unknown, but it is recognized that individuals with
low antibody levels can become infected if exposed to the mumps virus [5–7].

The Italian National Vaccination Plan recommends that one dose of MMR vaccine be
given to HCWs who do not have a complete vaccine history or who test seronegative for at
least one of the three pathogens [8].

For mumps infection, the Advisory Committee on Immunization Practices (ACIP) has
recommended an additional dose of mumps vaccine for HCWs, previously vaccinated
with two doses of MMR vaccine, and at higher risk of mumps infection in case of an
epidemic [9]. However, in Italy, the recommended vaccination schedule for MMR consists
of two doses. This may pose a possible risk, as vaccinated workers may not be protected
against mumps [3].

In 2022, the Italian Society of Occupational Medicine (SIML) published “Operational
guidelines on the main vaccinations for healthcare workers”, which include the MMR
vaccination with a schedule of two doses at least four weeks apart for measles and mumps,
and at least one dose for rubella. However, they do not recommend a booster dose for those
who have previously had a complete cycle of vaccination and are serologically negative,
unless they are at high risk due to mumps epidemics, in which case they should be given a
third booster dose of MMR vaccine [10].

Recent outbreaks of mumps in individuals who had received two doses of MMR vac-
cine have called into question the effectiveness of the vaccine. However, clinical symptoms,
complications, viral shedding and transmission associated with mumps infection have been
shown to be reduced in vaccinated individuals, demonstrating a benefit of this vaccine. It
is also important to evaluate the number of cases in recent mumps outbreaks to determine
whether this is a real increase or whether the improved ability to detect acute infection is a
contributory factor [11].

The exact nature of the immune response to the mumps vaccination strain is unknown.
However, several young adults immunized at childhood in the past twenty years have
shown a higher risk of mumps infection over the years, and it is believed that this is
associated with a decrease in antibody levels below the protective threshold [12–14].

Possible reasons for inadequate immune protection include primary vaccine failure,
secondary vaccine failure, or waning immunity.

Primary vaccine failure is the absence of a protective immune response due to a
lack of sufficient initial antibody response to a vaccine in a host [15,16]. This type of
vaccine failure may be caused by improper storage, manipulation, or administration of
the vaccine, which can affect its efficacy. Alternatively, it may be due to an ineffective
initial immunological response in an individual. Although there are few follow-up studies
to estimate the antibody titers specific to the mumps vaccine strain after vaccination, the
evidence from several published papers suggests that primary vaccine failure is not a
significant determinant of the epidemics that have occurred [17–19].

Secondary vaccine failure is the progressive loss of immunity after an early positive
response, occurring over several years after immunization.

The waning of immunity is a decrease in immune protection proportional to time
since immunization. A possible decline in immunity has been documented in the recent
mumps epidemics in Europe and the United States, which mainly concern young adults
from well-vaccinated groups who are in university education and who were vaccinated
with two doses of MMR vaccine in infancy [12,20–22].

According to a recent meta-analysis that used a mathematical approach, there is a
decline in immunity against mumps approximately 27 years after vaccination [23], while
another study showed an approximately 20% decline in mumps-neutralizing antibody
levels over one decade [24]. However, some research contradicts these conclusions, demon-
strating that there is no link between protection against mumps and the period since
vaccination [25–27]. Some authors have found that 70–99% of people showed detectable
mumps titers approximately 10 years after the first dose of vaccine [28,29]. Another study
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showed minimal decline in antibody levels after two doses of MMR vaccine, 6–7 years after
the second vaccination [30].

Administering an additional dose of the MMR vaccine has been proven to represent a
successful stopgap measure to limit the spread of the virus during epidemics [31–34].

It is yet to be proven if the complete absence of measurable antibodies is associated
with a decline in clinical defense, as the threshold level of neutralizing antibodies necessary
for immunity to mumps has not yet been identified [26].

Subjects without detectable levels of mumps-specific antibodies could become infected
but remain protected from severe disease because they may be shielded by cell-mediated
immune memory, with T and B cell immunity lasting up to 10 years after vaccination [35,36].

The importance and effectiveness of T-cell immunity in mumps infections is unclear.
However, it is possible that some strains of mumps virus are able to escape T cell responses
induced by vaccination, which cannot not be evaluated as significant until B cell immunity
wanes [37].

The aim of our research was to investigate the prevalence of immunity to mumps by
the evaluation of the serological status in a cohort of Italian and foreign HCWs in relation
to socio-demographic and occupational factors.

2. Materials and Methods

We performed a retrospective analysis of the immunological status, by evaluating the
antibody titers against mumps and collecting information on the vaccination status, of
all healthcare workers who underwent health surveillance at the Occupational Medicine
Unit of the Tor Vergata Polyclinic (PTV) in Rome during the period from January 2021 to
March 2023.

All individuals included in the research sample underwent routine venous blood
sampling, including titration of MMR-specific IgG antibody levels. The VirClia® Lotus
method, an indirect chemiluminescent immunoassay (CLIA), was used to test for antibodies
to the mumps virus in human serum/plasma. We considered a mumps-specific IgG level
above 1.1 S/CO (signal to cut-off ratio) to be protective, according to the manufacturer’s
specifications.

Quantitative data were expressed as mean ± SD, and categorical variables were
expressed as number and percentage of subjects. In the statistical analysis, the Chi-square
test was used to evaluate the association between serological protection and the main
characteristics of the population (gender, age, work occupation, country of origin, and
years of service). Results were considered statistically significant if the p-value was <0.05.

Statistical analysis was performed using IBM SPSS software (version 26).

3. Results
3.1. Study Population

The study population consisted of 468 subjects, 304 females (65.0%) and 164 males
(35.0%), with a mean age of 32.99 ± 10.03 years (range 22–68). In particular, females had
a mean age of 32.20 ± 9.24 years, while males had a mean age of 34.46 ± 11.23 years
(p = n.s.). Regarding the tasks of the subjects studied: 202 were physicians, 136 were nurses,
96 were technicians, and 34 were other health professionals (psychologists, social workers,
speech therapists, etc.).

In terms of country of origin, 418 were Italian subjects and 50 were from other countries.
Regarding the continental distribution, only one participant was from Central America,

one was from North America, two were from South America, and eight were from Asia.
Most of the participants (97.5%) were from Europe (456/468), of which 91.7% were from
Italy (418/456).

As the majority of subjects were unable to provide a documented history of MMR
vaccination, this information was excluded from further analysis.



Vaccines 2024, 12, 522 4 of 10

3.2. Serological Evaluation

A detectable antibody level was found in 91.7% of the subjects (429/468), while 39
were subjects lacking protective antibody titers.

The mean antibody titer was 3.17 S/CO ± 1.27 (range 0.12–8.69).
Of the men in the study, 92.7% were protected (152/164), whereas only 91.1% of the

women in the study population were protected (277/304). This gender difference was not
statistically significant in the Chi-square test with a p-value = 0.35.

We examined possible differences in antibody levels according to the tasks of the
subjects studied, which could reflect the different types of exposure to the virus. In general,
nurses are considered to be a higher-risk population; 90.4% of nurses (123/136), 93.1% of
physicians (188/202), 91.7% of technicians (88/96), and 88.2% of other professions (30/34)
were protected. These differences in antibody levels in the different occupational categories,
although evident, were not statistically significant. The mean titer for the different tasks
was 3.05 ± 1.27 S/CO for nurses, 3.30 ± 1.30 S/CO for physicians, 3.03 ± 1.20 S/CO for
technicians, and 3.33 ± 1.25 S/CO for other personnel (p = 0.94).

Since we assumed that the percentage of vaccinated persons born before 1990 was low
and that serological immunity in these subjects was due to natural infection, we evaluated
the percentage of immune workers in the oldest category of our sample (> 50 years) on
the basis of historical data on the circulation of mumps in Italy. In these subjects, both
the rate of subjects with a detectable antibody level and the titer were higher than in the
other group (serological protection: 95.3% vs. 90.3%; p = n.s.; mean titer: 3.30 S/CO vs.
3.08 S/CO; p < 0.05).

All results regarding the main characteristics of the study population (gender, occupa-
tional task, years of service, age class and continent) and the associated protection rates
and mean antibody titers are shown in Tables 1 and 2.

Table 1. Main characteristics of the study population.

Categories Number Percent (%)

Gender
Male 164 35

Female 304 65

Task

Nurses 136 29.1

Physicians 202 43.2

Technicians 96 20.5

Other 34 7.2

Years of service
<10 229 53.8

>10 197 46.2

Continent

South America 2 0.4

Central America 1 0.2

North America 1 0.2

Asia 8 1.7

Europe 456 97.5

Italy 418 89.3
(91.7 of European)

Age class

>50 years 40 8.5

≤50 years 428 91.5

>23 years 404 86.3

≤23 years 64 13.7
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Table 2. Protection rates and mean antibody titers of study population.

Categories Protected (%) Mean Titer p-Value

YES NO N (S/CO) ±sd

Gender
Male 92.7 7.3 2.99 1.38

n.s.
Female 91.1 8.9 3.13 1.26

Task

Nurses 90.4 9.6 3.05 1.27

n.s.
Physicians 93.1 6.9 3.30 1.30

Technicians 91.7 8.3 3.03 1.20

Other 88.2 11.8 3.33 1.25

Year of
service

<10 92.6 7.4 3.08 1.25
n.s.

>10 90.9 9.1 3.24 1.31

Continent

South America 50.0 50.0 3.19 1.43

n.s.

Central America 100 0 3.59 0.28

North America 100 0 3.51 1.40

Asia 87.5 13.5 3.09 1.41

Europe 91.8 8.2 3.18 1.27

Age class

>50 years 95.3 4.7 3.30 1.09
<0.05

≤50 years 90.3 9.7 3.08 1.29

>23 years 91.3 8.7 3.20 1.29
n.s.

≤23 years 93.8 6.3 2.87 1.16

4. Discussion

The COVID-19 pandemic could be playing a significant part in lowering the incidence
of respiratory infections such as mumps worldwide in 2021 [38–40]. In fact, the containment
activities carried out throughout the pandemic, like stay-at-home policies, school closures,
reduction in social contacts, use of respiratory protective equipment, and adoption of
more stringent hygiene measures, may have helped to reduce the transmission of several
respiratory diseases, including mumps. The additional workload for public health services
may have led to underreporting of mumps cases by both physicians and public health
workers; therefore, reported epidemiological data should be interpreted with caution. The
peak in the reporting rate of mumps cases observed in 2019 (overall EU/EEA rate 4.2) was
mainly influenced by a large, long-lasting outbreak reported from Ireland. The outbreak
began in the second half of 2019 and continued to generate cases until early 2020, mainly
affecting adolescents and young adults. The main factors contributing to this outbreak
were reported to be the crowded social environment of students, historically low uptake
of MMR vaccine, insufficient efficacy of the mumps component of the MMR vaccine, and
the possibility of waning immunity in vaccinated individuals. This outbreak confirms that
mumps cases can still emerge in the EU/EEA, and it is therefore of paramount importance
to achieve large vaccination coverage with at least two doses of MMR vaccine in all children
and young adults. Similar epidemics have been widely reported in the literature, with a
high percentage of cases in completely immunized individuals [41–44].

EU/EEA data between 2017 and 2021 showed that 40% of mumps cases in individuals
with known vaccination status had received at least two doses, and there was a significant
overrepresentation of individuals aged 10–29 years. This may be due to a combination of
incomplete protection from the mumps component of the MMR vaccine, waning immunity,
or close social interactions that may make the virus easier to transmit [41,42].

The latest WHO data show that overall estimates of vaccination coverage in the
EU/EEA have remained largely unchanged over the past four years. During the pandemic,
a strong weakness of national immunization programs was observed worldwide, with a
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significant decrease in coverage in the first quarter of 2020. A striking example is Iceland,
where coverage of the second dose of the measles-containing vaccine fell from 95% in
2018 to 10% in 2021. Otherwise, vaccination programs in the EU/EEA seemed to be more
resistant. Many countries succeed in achieving coverage in 2020 and 2021 similar to that of
2018 and 2019 [45].

Although MMR vaccination in infancy may not provide total individual immuniza-
tion against mumps in later life, the relevance of keeping high MMR vaccination coverage
cannot be underestimated. The vaccine has been shown to be highly effective in reducing
overall morbidity and mortality from all three viruses it protects against [46]; high vacci-
nation coverage reduces the possibility of epidemics in the general population [7,47], and
vaccination also has a direct protective effect on the severity of mumps symptoms [48,49].
An additional dose of MMR vaccine may be successful in reducing the risk of mumps in
the case of an epidemic [34], but the low duration of the antibody response seen after a
third dose of vaccine has generated concerns about its wider applicability beyond epidemic
control [50,51].

The results of our study show no significant gender differences in protection against
mumps, data that are fully consistent with those reported in the literature [52]. Women
usually develop a stronger immune response (both humoral and cell-mediated) and more
severe side effects after vaccination. The adverse effects can be explained by the greater
activation of the immune system due to the presence of polymorphisms and variability in
the genes of the sex chromosomes; in addition, hormonal differences may influence this
humoral immune response in the autosomal genes coding for immunological proteins. On
the contrary, the clinical manifestations and course of the disease are more severe in men,
who also have a higher incidence of complications [53].

The healthcare sector represents a high-risk area for the spread of mumps, despite
the presence of a highly vaccinated population, as evidenced by several epidemic cases
documented in the literature [4,47,54,55].

Subjects under 23 years of age are the population vaccinated by compulsory vac-
cination (Legislative Decree 73/2017) and therefore represent a highly protected group
(93.8%), albeit with a lower antibody titer (2.87 ± 1.16S/CO, vs. 3.20 ± 1.29 of subjects
aged > 23) [56]. The vaccination coverage rate for measles, mumps and rubella in Italy in
2021 was approximately 93.8% of children. This level of coverage is below the optimal
threshold, as indicated by the WHO, which suggests that almost 95% of children should be
vaccinated to achieve herd immunity [57].

However, subjects over 50 years of age represent a group with a higher protection
rate (95.3% vs. 90.3%), most likely due to a previous natural infection, in historical periods
when the virus circulation was higher and the hygienic–sanitary conditions in the places
most at risk of infection were worse than today. The natural infection also gave them a
higher average antibody titer than the other age groups (3.30 S/CO vs. 3.08 S/CO) [57–59].

In summary, vaccination provides higher protection rates but results in a relatively
lower antibody titer. In contrast, natural immunity results in more durable immune
protection and a greater antibody response, and it has also been shown that post-infection
antibodies have a half-life of 50 years or more [58–60].

However, the percentage of people who were unprotected against mumps was still
too high (8.3%) when all the categories of people studied were taken into account. These
data are particularly worrying because they mainly concern the most vulnerable groups,
i.e., nurses, whose work brings them into close contact with patients.

The vaccination rate in the medical population is higher than in any other occupational
group. One of the reasons for this result is undoubtedly the greater general acceptance of
having a booster, if necessary, given the lower level of vaccine hesitancy in this category.
In fact, according to the literature, doctors are a group that has greater confidence in
vaccination, in contrast to nurses, who seem to be the subjects who express higher levels of
vaccine hesitancy towards the different categories of vaccines available [61,62].
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In addition, doctors themselves have less close and frequent contact with patients
than nurses, but they are more likely to be the first to encounter a person with mumps, as
a patient with mumps is usually someone who is not admitted to hospital but who has a
medical diagnosis without going to hospital.

There were no statistically significant differences in protection rates according to the
continent of origin of the subjects included in the study, although the sample was not large
enough to represent all countries with a comparable number of subjects. However, it would
be useful to look more closely at the vaccination guidelines and indications followed and
implemented in the different countries, both in childhood and in specific risk categories
such as HCWs.

As with measles and rubella, serological screening allows occupational health prac-
titioners to avoid inappropriate administration of vaccine to individuals who have been
previously vaccinated and are protected but cannot provide proof of vaccination [63]. There-
fore, the assessment of mumps IgG levels can be considered more accurate than assessing
reported vaccination history, allowing the correct identification of the immunological status
of HCWs, regardless of a previous vaccination cycle (complete or incomplete). At present,
individuals who have previously received two doses of MMR vaccine are considered im-
mune and are not tested for antibody titers. This is based on current recommendations that
a third dose should not be given, except to those working in contexts where there is a risk
of contact with sick people in the event of an outbreak. The persistence of immune memory
(both humoral and cell-mediated) for mumps has not been definitively established, and we
cannot exclude the possibility that these workers may in fact be susceptible if exposed to a
contagious case. However, the method of pre-vaccination anamnestic screening proposed
in the current recommendations (which does not include mandatory serological testing)
could lead to individuals with low antibody titers being considered “immune” because
they have been vaccinated.

In conclusion, the current definition of persons to be vaccinated according to recent
recommendations, based solely on a positive vaccination history, is inaccurate and should
be discouraged as a screening method. Therefore, recommendations for vaccination of
HCWs against mumps should be based on the prior determination of the antibody titer
together with the vaccination history in non-immune individuals.

Our study has some limitations. First, the study population was not divided into
homogeneous subgroups but according to the department to which they were assigned. It is
known that the risk of exposure to mumps is not uniform throughout the hospital, as some
departments are more dangerous because of the type of patients they treat (e.g., emergency
departments, infectious diseases, pediatrics, intensive care, oncology, hematology). A
second limitation of our study is its hospital-based nature, involving 468 individuals with
unclear vaccination histories and reliance on a single blood test. Consequently, the roles
of vaccination and natural infection remain ambiguous. As 50 operators included in our
study came from abroad, it would have been interesting to delve deeper and consider the
different vaccination calendars followed in each country to discuss the differences found in
more detail. Another limitation of our study is that we did not take into account the type
of vaccine received at the time of the vaccination history, as there may be differences in
antibody response and protection rates related to the type of vaccine used.

5. Conclusions

Airborne infectious diseases such as measles, rubella and mumps remain a signifi-
cant global problem, with new epidemics occurring frequently even in highly vaccinated
populations.

The risk of transmission and spread of these viruses is even greater for those categories
of people who are more likely to be exposed, such as healthcare workers.

The proportion of HCWS (doctors, nurses, technicians and other workers) who were
still unprotected against mumps in our study is very high (8.3%), and those who are
immune are below the WHO threshold for herd immunity (95%).
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It is therefore essential for all occupational health services to carry out accurate screen-
ing for anti-mumps antibodies prior to commencing work or training to assess serological
protection, regardless of the vaccination history of the individual who is not serologically
immune, including those who would be protected by vaccination history but have lost the
antibody response.

In conclusion, contrary to current recommendations and guidelines, it appears nec-
essary to perform serological screening and offer a booster dose of MMR vaccine to all
workers and students who are serologically unprotected and at increased risk of infection,
regardless of their vaccination status.
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