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ABSTRACT
Measles is one of the most contagious infectious diseases. Measles vaccine, which has been introduced in Italy
in 1979, is highly effective in preventing the disease (two-dose vaccine effectiveness is 99%). In 2017, Italy was
the second country of EU for number of cases of measles. A study conducted in the same year showed that
22.3% of measles infection happened in hospital settings and 6.6% of cases occurred in HCWs. This risk group
showed low rates of adhesion to the vaccination campaign. For this reason, we hypothesized that workplace
vaccination could lead to better vaccination rates in HCWs.Moreover, we focused the vaccination campaign on
a specific target group composed of HCWs not serologically immune and previously not vaccinated. We
analyzed the clinical records of measles-specific IgG antibodies of 2,940 HCWs, that underwent occupational
health surveillance between 1 January 2017 and 31 December 2017. 15.3% (450) was seronegative formeasles,
especially in the age group under 35 years. We compared the costs related to strategies with and without
serological screening. Our study confirmed that immunization strategy with pre-vaccination screening was
cost-effective compared to the vaccinationwithout screening. In our sample, in fact, administration of two dose
vaccineonly susceptibleHCWsdetermine a savingof 146,262 €. The vaccinationofHCWs remains a topical issue
in preventing the transmission of infectious disease in the hospital setting. Due to the cost-effectiveness
evaluation, we recommend extending the pre-vaccination screening to identify the real susceptible workers.
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Introduction

Measles is a highly contagious, vaccine-preventable infection
caused by the measles virus (Parvomyxoviridae family). It is
one of the most contagious infectious diseases, with a basic
reproduction number (R0) between 12 and 18, which implies
that 90% of non-immune persons who get in touch with a sick
person develops the disease.1,2 Measles vaccine, which has
been introduced in Italy in 1979, is highly effective in pre-
venting the disease (two-dose vaccine effectiveness is 99%).
Two doses of measles vaccines are considered to provide long-
lasting immunity even if antibody levels decline over time.3

Nowadays, in developed countries, measles outbreaks still
occur despite high vaccination coverage highlighting an immune
gap in the populations.4 Italy, in the period between 1 January and
31 December 2017, was the second highest Country, after
Romania, in the number of cases of measles (4,991). In particular,
the highest number of cases (n = 1,699) and the highest incidence
rate (28.8 cases/100,000 inhabitants) happened in Lazio Region
(the Region including Rome district). As far as the prevalence
among health-care workers (HCWs) is concerned, a total of 322
cases were reported in 18 Regions (all except Valle d’Aosta,Molise
and Trentino Alto-Adige).5 HCWs infected can be considered as
additional risk factor for patients. Clearly, this outbreak can be
explained by the low vaccination coverage recorded for Measles,
Mumps, and Rubella (MMR).6 This reduction of vaccination
coverage below 95% prompted the Italian Government to issue
recommendations aimed at increasing vaccination coverage in
HCWs exposed to measles.7–9

An Italian study showed that 22.3% of measles infection
happened in hospital settings and 6.6% of cases occurred in
HCWs in the period from 1 January to 31 August 2017.10

4–10% of all hospital workers lacked specific measles-specific
IgG antibodies, according to other studies among HCWs.11

Non-protective measles-specific IgG antibody titers were
found in a substantial percentage of our HCWs, especially
those younger than 35 years.12 The literature reports that
HCWs are at least 2 to 19 times more likely to incur measles
infection than the general population.13–15

According to Center for Disease Control (CDC) guidelines,
all HCWs should have evidence of immunity to measles. Birth
before 1957 is considered acceptable evidence of measles
immunity. Unvaccinated HCWs born before 1957 who lack
laboratory evidence of disease or immunity to measles should
be vaccinated with two doses of MMR vaccine at the appro-
priate interval. Adults born in 1957 or later can be considered
immune to measles only if they documented laboratory con-
firmation of disease or immunity or appropriate vaccination
with two doses of MMR vaccine (at the appropriate interval).
It is not recommended to test serologically for immunity
HCWs who document two doses of MMR vaccine. If the
results of their tests are negative or equivocal for measles,
they should be considered to have presumptive evidence of
disease immunity and other doses of MMR vaccine are not
necessary. CDC does not suggest serologic testing before
vaccination unless the health-care facility considers it cost-
effective.1,11
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In a previous study, we assessed the vaccine compliance
and the effectiveness of workplace vaccination against measles
of HCWs and medical students.16 Studies conducted on
HCWs showed low rates of adhesion to the vaccination cam-
paign among all the categories. Different motivations are
related to the vaccine hesitancy. One of these is the necessity
to go into other settings to obtain vaccination. For this reason,
it was hypothesized that workplace vaccination could lead to
better vaccination rates in HCWs.17–19

In this study, we assessed the cost-effectiveness of this
vaccination program according to CDC guidelines.1

Results

This study included 2,940 subjects, 964 men and 1,976
women. 1,772 (60.27%) were HCWs and 1,168 (39.73%)
were medical students. The mean age is 32.89 years (SD
10.8). The main features and the vaccination coverage of the
population are shown in Tables 1 and 2. 450/2,940 (15.31%)
were serologically not immune to measles. 77/450 (17.11%)

were previously vaccinated with two doses of MMR vaccine
and considered immune to the disease, despite the non-
protective titer, according to CDC guideline.1,11 The
remaining 373/450 (82.89%) were the target of the vaccina-
tion campaign (Figure 1). 179/373 (47.99%) subjects were
vaccinated with MMR vaccine. In order to evaluate the
effectiveness of the vaccination campaign, we related the
trend of vaccination coverage in the population to the new
measles cases in the period under examination. No new
cases of measles occurred for vaccine coverage in the popu-
lation above 90%.

Costs related to our strategy with screening, as shown in
Table 3 are the following: 34,986 € (2,940 subjects x 11.9 €) for
pre-vaccination serological screening; 25,438.6 € [(373 sub-
jects x 2 doses) x 34.10 €] for vaccination campaign; 7,460 €
[(373 subjects x 2 doses) x10 €] for personnel. Total cost that
we sustained is 68,064.6 €. Costs of the hypothetical strategy
without screening are the following: 165,726 € [(210 subjects
that document 1 dose of MMR vaccine x 34.10 €) + (2325
subjects previously not vaccinated x 34.10 €) x 2 doses] for
vaccination campaign; 48,600 € [(210 subjects + (2,325 sub-
jects x 2)) x 10 €] for personnel. In total, the hypothetical
intervention would have cost 214,326 €.

Discussion

Our study confirmed that immunization strategy with pre-
vaccination screening was cost-effective compared to the
hypothetical vaccination strategy without screening. In our
sample, in fact, administration of two dose vaccine only
susceptible HCWs determine a saving of 146,262 €.20–23 In
a previous study, we found that pre-vaccination screening for
mumps of HCWs was similarly cost-effective.24

Other important data from this study are the high percen-
tages of HCWs susceptible to measles (15.30%), especially in
the age group under 35 years. They are subjects born between
1982 and 1999 when the vaccination coverage against measles

Table 1. Description of study population.

General
population

Serologically
immune

Serologically
not Immune

Number 2,940 2,490
(84.70%)

450 (15.30%)

Gender Men 964 797 (82.68%) 167 (17.32%)
Women 1,976 1,693

(85.68%)
283 (14.32%)

Mean age Mean 32.89 34.15 25.88
(yy) Mean

male
32.85 34.43 25.32

Mean
female

32.91 34.02 26.20

age groups <35 1,852 1,430
(77.21%)

422 (22.79%)

(yy) 35–55 961 934 (97.19%) 27 (2.81%)
>55 127 126 (99.21%) 1 (0.79%)

Measles specific antibody
serum value (AU/ml)

Mean
male

198.04 237.95 6.92

Mean
female

212.33 234.51 7.57

Table 2. Vaccination status of study population vaccination status.

2 doses of
MMR 1 of MMR No doses

Whole population 405 (13.78%) 210
(7.14%)

2,325
(79.08%)

Serologically immune subjects 329 (13.21%) 163
(6.55%)

1,998
(80.24%)

Serologically not immune
subjects

77 (17.02%) 48
(10.64%)

325 (72.34%)

Table 3. Comparison between costs of strategy with screening and strategy
without screening.

Costs of strategy with
screening

Cost of hypothetical strategy
without screening

Cost
difference

Direct
cost

34,986 € serological
screening;
25,438.6 € vaccination
campaign; 7,460€
personnel cost.

165,726 € vaccination
campaign;
48,600 € personnel cost.

Total 68,064.6 € 214,326 € 146,262

Figure 1. Flow chart of vaccination campaign.
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was inadequate in Italy.12,23 In our population, they represent
a risk group.

Even if the vaccination coverage reached with this strategy
was below 50%, no new cases of measles occurred with the
achievement of a percentage of immune subjects equal to 90%
in our population.

“Vaccine hesitancy” among HCWs is a phenomenon in con-
tinuous expansion, especially in non-medical operators.17 Among
the main factors of hesitancy, there are conspiracy theories con-
cerning the existence of conflicts of interest between pharmaceu-
tical companies and the Ministry of Health, doubts about the
effectiveness of vaccines and the fear of adverse events following
administration.18,19 We contrasted this attitude through the high
level of knowledge of the majority of the staff of Occupational
Medicine and the ready availability of the vaccine.

Despite the recent update of the national guidelines,
Measles vaccination is not mandatory for Italian HCWs and
the low levels of coverage represent the main risk factor for
the nosocomial transmission of the virus.7,17 Recent studies
have shown that in cases of nosocomial outbreaks of measles
the unvaccinated or incompletely vaccinated subjects repre-
sent the main target of the virus.13,14 In our hospital, the
coverage rates were inadequate in 2017. All cases that
occurred among the HCWs in the course of 2017 (21 subjects)
concerned the age group under 35 years, that is the one in
which the levels antibody coverage has been found to be lower
than the older age groups for which the largest coverage is
derived from having contracted the disease naturally, when
measles was endemic in our country.25,26

The main limitations of the study are possible lack in recall
of vaccination due to loss of written documentation. Another
limit is that we didn’t calculate costs related to absence from
work related to common the side effects of vaccination as
fever (5–10%), rash (5%) and injection site reaction
(17–30%).7 Other costs that we did not calculate are those
related to lost work time due to having measles.

The Occupational Medicine has the responsibility to sensi-
tize the hospital staff about the importance of vaccinations,
highlighting the risks to which workers are exposed in the
absence of them and providing all the information about the
efficacy and safety of vaccines.27–29

The vaccination of HCWs remains a topical issue in pre-
venting the transmission of infectious disease in the hospital
setting. Due to the cost-effectiveness evaluation, we recom-
mend extending the pre-vaccination screening to identify the
real susceptible workers.

Methods

In our study, we investigated the cost-effectiveness of work-
place vaccination against measles performed in a teaching hos-
pital of Rome (Foundation PTV Polyclinic Tor Vergata) among
HCWs and students of the medical area of University Rome
Tor Vergata in the period from 1 January to 31 December 2017.

All HCWs and medical students have been tested serologically
for measles during health surveillance at the Occupational
Medicine. Measles-specific IgG antibodies had been measured in
all subjects using chemiluminescent test (DiaSorin LIASON®
Measles IgG essay) on serum. The DiaSorin LIAISONa ® Measles

IgG assay uses a chemiluminescence immunoassay (CLIA) tech-
nology: sensitivity and specificity are 97% (95%CI: 91.7–99.4) and
93% (95% CI: 82.5–97.7), respectively. The related data were
extracted from the computer system (ModuLab®).

Vaccinationwas offered for free to all HCWs and students with
measles-specific IgG antibodies less than 16.5 AU/ml. According
to CDC guidelines, HCWs and students who documented vacci-
nation with two doses of MMR vaccine were considered pro-
tected, independently from their antibody titer.1,11 For each
subject, we collected also the following information: age, gender,
date of vaccination, vaccination history and profession.

Finally, to assess the cost-effectiveness of the intervention,
we analyzed direct costs comparing our vaccination strategy
with screening and the hypothetical strategy without screen-
ing. As direct cost we considered:

11.9 € for serological test; 34.10 € for MMR vaccine
(MMRvaxpro® Sanofi Pasteur MSD); 10 € as personnel cost
(considering 15 min to administer a single dose of vaccine).20,21

Analyses were performed using IBM SPSS software
(Version 23). Results were considered statistically significant
at a p-value threshold of <0.001.
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