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Summary. Background: Since 1963 Italian law (Law 292/1963, Legislative Decree n.81/2008), defines Tetanus Vaccination (TeV) as mandatory for defined occupational categories, including Construction Workers (CWs). Materials and Methods: An institutional survey on of CWs was performed in the Autonomous
Province of Trento (Oct. 2016 - Apr. 2017). Vaccination booklets/certificate were retrieved recalling: TeV
status (1), and TeV settings (2), i.e. basal schedule; year of last shot, healthcare providers who performed
TeV, and TeV formulate(s). Results: Data about 205 CWs were collected (mean age 40.6±10.3 years; 78.0%
<50 year-old, 71.7% born in Italy). Overall, 38.5% of CW had received last vaccination shot >10 years before
the survey (mean: 8.8 ± 8.2 years). The majority of boosters had been administered by Vaccination Services
of the Local Health Unit (47.3%), followed by Occupational Physicians (20.0%) and General Practitioners
(11.2%). In 85.9% of CWs, a monovalent formulation was used. Combined TeV were mainly reported in CW
who had received last vaccination shot in Vaccination Services (96.2%; p<0.001). Conclusions: TeV coverage
rates in CWs are insufficient, and vaccination shots are frequently performed with inappropriate, monovalent
formulates. As only professionals from Vaccination Services systematically employ combined vaccines and
particularly Tdap, our results not only stress the opportunity for promoting TeV among CWs, but also the
importance of improving reception of up to date official recommendations in Occupational Physicians, General Practitioner and professionals of Emergency Departments. (www.actabiomedica.it)
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Introduction
Tetanus (commonly known as “lockjaw”) is a severe acute disease caused by toxinogenic strains of the
bacterium Clostridium tetani and prevented by tetanus
vaccine (TeV) and post-exposure prophylaxis (1-5).
The spores of C tetani can enter the body through any
injury contaminated with soils, street dust, human/
animal faeces. Spores are nearly ubiquitous and, due
to their continued presence in the environment, not
only complete eradication is unlikely, but herd immu-

nity plays no role in tetanus prevention (5, 6). In unvaccinated subjects, the case-fatality rate still remains
significant, usually ranging from 10 to 80%, reaching
100% in absence of medical treatment (3, 5).
In the last decades, global incidence of Tetanus
has decreased. In the majority of European Union
(EU) countries, where most Member States have wellfunctioning immunization and surveillance systems,
mortality of non-neonatal tetanus has declined by 85%
between 1990 and 2015, recent estimated incidence
being in 0.01 cases/100,000 inhabitants, with 65% of
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cases aged ≥65 years (7-11). Italy is a well-known exception: since 2006 Italy reports the highest number
of cases in Europe, with an annual notification rate
that remains stable between 0.9-1.0/100,000. Casefatality ratio, estimated to be 39% at the global level,
has dropped less sharply in Italy as compared to other
EU countries (i.e. -47% between 1990 and 2015) (2,
7, 8, 11, 12). Nearly 90% of reported cases occurred
in unvaccinated or incompletely vaccinated subjects (2,
13), these figures stressing the inadequate protection
rates of the Italian adult population; around 19% of
Italian population is currently susceptible to tetanus
(2, 13-15), and 10% of total population has only a basic, inadequate protection as a consequence of failing
boost doses (2, 14).
Moreover, it is plausible that these figures may even
deteriorate in the next decades. TeV was firstly introduced in 1938 for military personnel, becoming compulsory in 1963 for two-year-old children, and since
1968, for all newborns (L 292/1963). In the past, the
rates of adequate protection in males were sustained by
vaccination boosters received at conscription, but starting from 2003 compulsory military service has been
discontinued for all subjects born after 1985 (2, 12, 13).
As a consequence, occupational TeV immunization has acquired an ever increasing relevance in order
to sustain immunization rates (16, 17). In Italy, TeV
is in fact the only vaccination whose status is legally
defined as compulsory for workers engaged in activities considered to be at risk for interaction with tetanus
toxin (e.g. construction, farming, waste collection and
animal husbandry) (2, 12, 16, 18).
Starting with the National Immunization Prevention Plan (NIPP) in 1999, the Italian Ministry of
Health has implemented reinforced vaccination policies in order to address falling vaccination rates, the
increasing phenomenon of the vaccination hesitancy,
and the re-emergence of anti-vaccination movements
(19-23). Among the recommendations issued for TeV,
NIPP strongly encourages the use of combined formulations for adult decennial boosters, initially (NIPP
2012-2014 ) with tetanus toxoid and reduced diphtheria toxoid (Td), whereas the more recent NIPP 20172019 officially recommends the active offer of trivalent
formulations including tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis (Tdap) (4, 20, 24).
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In the Autonomous Province of Trento (APT),
the Operative Unit for Health and Safety in the
Workplaces (UOPSAL, Italian acronym) represents
the local governmental structure for the management
and prevention of occupational injuries, occupational
diseases, and work-related diseases in the workplaces.
UOPSAL officers usually perform workplace interventions by visiting plants and/or construction sites
without previous warning, evaluating whether parent
companies comply with legislation concerning occupational health and safety conditions, and eventually
establishing a deadline to solve any faults found (22,
25). Recently, National Plan for Health and Safety
Prevention in Construction Settings 2014-2018 (in
Italian, Piano Nazionale della Prevenzione in Edilizia,
2014-2018) has specifically included the assessment of
health surveillance of CWs among the main objectives
of UOPSAL’s workplace interventions. Among groups
considered at higher risk for tetanus, people working
in construction industry are notable because of the frequency of injuries/wounds potentially contaminated
with spores of C tetani, their large number (7, 26), and
the high share of workers having inadequate protection
against tetanus (7, 27, 28). Consequently, TeV coverage assessment among CWs was identified among the
primary objectives of the aforementioned surveillance
activity, whose results are here presented in details.

Materials and Methods
Settings
APT is located in the Italy’s North East, covers a
total area of 6,214 km2 (2,399 sq. mi) and has a population of 537,416 habitants (2015 census). According
to available labor force statistics, in the last decade
construction industry employed around 9.2% of total,
and 14.8% of male workforce (i.e. around 20,000 adult
age subjects/year) (29,30).
Framework
Since October 2016 to April 2017, UOPSAL
officers systematically inspected all construction sites
notified to the Local Health Authority of the APT:
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during the inspection, UOPSAL officers identified
CWs who were working on the construction sites, and
eventually acquired their institutional health and safety
documentation, with specific focus on the TeV status
of the workers. More in details, CWs were officially
requested to provide a copy of the vaccine booklet, or a
substitutive certificate.

UOPSAL and was not primarily intended as a research
project. The Italian legislation does not entail an ethical approval in this type of study and for this reason a
formal ethical clearance was not required. Patient data
are fully anonimized and no specific activity on human
subjects was undertaken, other than that planned as
regular surveillance activity.

Data analysis
Data about the type of vaccine received (T, Td,
Tdap), the settings of the last vaccination shot (i.e.
date; whether it was performed as a programmed/elective or an emergency shot after a penetrating injury),
who actually performed it (i.e. General Practitioner,
GP; Occupational Physician, OPh; or a healthcare
professional from a Vaccination service of the Local
Health Unit, Emergency Department, Military Service) were collected.
As recommended by Italian and the majority of
international guidelines (3, 4, 15, 31-33), an “appropriate” TeV status was acknowledged for all patients who
had completed the baseline schedule (i.e. for subjects
vaccinated in infancy, a series of three tetanus-toxoid
containing vaccine given in infancy, followed by two
boosters at 6 and 11-15 years of age; for primary immunization in adults, 3 doses with a minimum of 1 month
apart), plus a booster shot within the last 10 years.
A descriptive analysis was performed using means,
standard deviation (SD and proportion as appropriate). Comparisons between CWs with an appropriate
and not appropriate status, as well as between CWs
whose last shot was performed with a monovalent
formulation and those who had received a divalent/
trivalent one, were performed through Student’s t test
for continuous variables and by means of chi-square
test for discrete variables (i.e. ethnicity, occupational
status, age categories, items derived from the vaccine
booklet). All tests were two-tailed, and statistical significance was set at p<0.05. All statistical analyses were
performed using IBM SPSS Statistics 22.0 for Macintosh (IBM Corp. Armonk, NY ).
Ethics
This paper describes the results of a surveillance
program put in place among institutional duties of the

Results
Characteristics of the sample (Table 1)
A total of 205 CWs were included in the study
(1.1% of all employed in construction industry in the
APT), all of male sex, with a mean age of 40.6±10.3
years. The majority of sampled CWs was of Italian
origin (71.7%): of them, 27.2% were born before 1968
(when TeV was made compulsory for all newborns),
and 21.9% after 1985, being exempted from military service and therefore did not receive vaccination
booster at conscription.
Among Foreign-born people, the majority of
them was of European origin (n=48, 82.8%), followed
by people from India and South-West Asia (8.6%),
South America (6.9%), North Africa and East Mediterranean (1.7%). Respectively to the occupational status, the majority of sampled CWs were salaried employees (86.8%), whereas 27 were either self-employed
or employers (13.2%).
Vaccination status was available in 90.2% of assessed CWs and, at the time of the analysis, all had
completed the basal schedule, with a mean time-lapse
from the last vaccination shot of 8.8±8.2 years. More
precisely, 106 of them (51.7% of the total sample) had
received at least 1 shot in the previous 10 years and
were consequently acknowledged as having an “appropriate” TeV status, whereas in 59 cases (38.5%) last
vaccination shot was older than 10 years. However,
all of them had spontaneously performed vaccination
booster before delivering certification to UOPSAL officers.
Overall, 12.2% of sampled CWs had received a
TeV that was performed during the validity of NIPP
2017-2019, 34.1% of NIPP 2012-2014, 32.2% of
NIPP 2005, 11.7% of NIPP prior to 2005.
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Table 1. Demographics of 205 Construction Workers (CWs) assessed during the survey, and characterization of their status regarding tetanus vaccine (TeV) and the recommendations issued by National Immunization Prevention Plans (NIPP)
Total number of assessed CWs (n)

205

Age (years; mean±SD)

40.6±10.3

Age group (years; n, %)
<30
30-39
40-49
≥50		

35, 17.1%
64, 31.2%
61, 29.8%
45, 22.0%

Occupational status (n, %)
Employee
Self-employed

178, 86.8%
27, 13.2%

Migration Background (n, %)
Italian-born people of them:
147, 71.7%
		 Born before 1968 (compulsory tetanus vaccine for all newborns)		
		 Born after 1985 (suspension of compulsory military service)		
Foreign-born people of them:
58, 28.3%
		Europe		
		 India and South-West Asia		
		 South America		
		 North Africa and East Mediterranean 		
Time since last TeV shot (years; mean ± SD)

8.8 ± 8.2

TeV status (n, %)
Basal schedule completed, at least 1 shot in the previous 10 years
Basal schedule completed, last shot prior than 10 years
Not available

106, 51.7%
59, 38.5%
20, 9.8%

Last TeV shot, settings (n, %)
Vaccination services of the Local Health Unit
Occupational Physician
General Practitioner
Emergency Department
Military service
Unknown

97, 47.3%
41, 20.0%
23, 11.2%
13, 6.3%
11, 5.4%
20, 9.8%

Last TeV shot was performed … (n, %)
as a Monovalent formulation (T)
as a Divalent formulation (Td)
as a Trivalent formulation (TdaP)
Unknown

159, 77.6%
9, 4.4%
17, 8.3%
20, 9.8%

Official Recommendations for last vaccination shots (n, %)
NIPP 2017-2019 (recommendation for Tdap)
NIPP 2012-2014 (recommendation for Td)
NIPP (Td/Tdap suggested, not recommended)
NIPP prior to 2005 (neither suggestions or recommendations for Td/Tdap)
Not Available

25, 12,2%
70, 34.1%
66, 32.2%
24, 11.7%
20, 9.8%

Focusing on the vaccination settings, nearly half
of the sample with a documented vaccination status
(47.3%), had received last vaccination shot by health-

40, 27.2%
32, 21.9%
48, 82.8%
5, 8.6%
4, 6.9%
1, 1.7%

care providers from Vaccination Services of Local
Health Units, followed by the OPhs (20.0%), GPs
(11.2%), and professionals from Military Service at
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conscription (5.4%). Eventually, in 13 CWs (5.9%)
last vaccination shot was performed in the Emergency
Department following a previous injury.
In the majority of workers, TeV was performed as
a monovalent formulation (T, 77.6%), whereas 4.4%
had received a divalent formulation (Td) and 8.3% a
trivalent one (Tdap).
Factors associated with TeV status
As shown in Table 2, no significant differences in
terms of age, age group, year of birth, ethnicity and occupational status was identified between CWs having
an up-to-date TeV status and subjects lacking vaccination boosters.
Focusing on the formulates received by CWs
(Table 3), no significant differences were identified
in terms of demographics and occupational status for
monovalent or combined vaccines. On the contrary,
when focusing on the vaccination settings, the share
of combined formulation was significantly higher in
subjects who had received last vaccination shot in Vaccination Services (96.2% vs. 45.3%), whereas TeV by

other professionals were more frequently performed
as monovalent formulations. Again, a significant difference in the shares of formulation used for TeV was
reported when focusing on the framework of reference
recommendations: not only 42.3% of all combined formulations was reported after the enforcement of NIPP
2017-2019, but the ratio combined/monovalent vaccine increased from 0 in the years before NIPP 20052007, to 0.05 after its enforcement, to 0.21 after the
enforcement of NIPP 2012-2014, and eventually to
0.79 after the enforcement of NIPP 2017-2019 (Figure 1).

Discussion
Tetanus immunization in Italy is a long-lasting
problem (2, 7, 12-14): not only TeV rates appear to
be largely unsatisfactory when compared to other
European countries, but some reports suggests even
worse estimates for certain occupational settings (3436). More specifically, previous studies about Italian
construction industry found that between 20% to 40%

Table 2. Comparisons of recalled demographic factors between CWs with an appropriate (i.e. a documented primary series of 3 doses
with an interval of at least 4 weeks between the doses, plus a booster shot within the last 10 years) and a not appropriate TeV status
Variable

Vaccination status

Chi

		
		

Appropriate
(n/106, %)

Not appropriate
(n/99, %)

squared test
p value

Age

41.0±10.2

40.1±10.4

0.537

Age group			
<30
15, 13.9%
20, 20.6%
30-39
36, 33.3%
28, 28.9%
40-49
33, 30.6%
28, 28.9%
≥50
24, 22.2%
21, 21.6%
Migration background			
Italian-born people
76, 70.4%
71, 73.2%
Foreign-born people
32, 29.6%
26, 26.8%
Year of Birth (only Italian-born people)			
Born before 1968
22, 28.9%
18, 25.4%
Born in 1968 or thereafter
54, 71.1%
53, 74.6%
Born before 1986
13, 17.3%
19, 26.8%
Born in 1986 or thereafter
62, 82.7%
52, 73.2%
Occupational status			
Employee
14, 13.0%
13, 13.4%
Self-employed
94, 87.0%
84, 86.6%

0.628

0.769

0.761
0.240

1.000
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Table 3. Comparisons of recalled demographic factors and vaccination settings between CWs having received last shot of tetanus
vaccine (TeV) as a monovalent formulation and as a combined tetanus-diphtheria (Td) or tetanus-diphtheria-acellular pertussis
(Tdap) one
Variable

Formulation employed for last TeV shot

		
		

Monovalent
(n/159, %)

Combined (Td / Tdap)
(n/26, %)

Age

40.6 ± 9.6

38.4 ± 9.6

Age group			
<30
29, 18.2%
4, 15.4%
30-39
58, 36.5%
4, 15.4%
40-49
39, 24.5%
10, 38.5%
≥50
33, 20,8%
8, 30.8%
Migration background			
Italian-born people
108, 67.9%
21, 80.8%
Foreign-born people
51, 32.1%
5, 19.2%
Year of Birth (only Italian-born people)			
Born before 1968
28, 25.9%
8, 38.1%
Born in 1968 or thereafter
80, 74.1%
13, 61.9%
Born before 1986
25, 23.4%
4, 19.0%
Born in 1986 or thereafter
82, 76.6%
17, 81.0%
Occupational status			
Employee
21, 13.2%
4, 15.4%
Self-employed
138, 86.8%
22, 84.6%
Vaccination settings			
Vaccination Services
72, 45.3%
25, 96.2%
Occupational Physicians
40, 25.2%
1, 3.8%
General Practitioners
23, 14.5%
0, Emergency Department
13, 8.2%
0, Military service
11, 6.9%
0, Vaccination references			
NIPP 2017-2019
14, 8.8%
11, 42.3%
NIPP 2012-2014
57, 35.8%
12, 46.2%
NIPP 2005-2007
60, 37.7%
3, 11.5%
Prior NIPP 2005-2007
28, 17,6%
0, -

p value

0.418
0.126

0.275

0.383
0.883

1.000

<0.001

<0.001

Notes. NIPP: National Immunization Prevention Plan

of CWs may have an inadequate protection, either in
terms of serology (7) or up-to-date vaccination status (16). Moreover, in a recent survey from the same
geographical settings, i.e. APT, 41.6% of 707 agricultural workers (AWs) had either not completed basal
schedule nor received a TeV booster in the last 10 years
(18). This is particularly worrisome, as around 20% of
tetanus cases usually follow an apparently minor and
somehow unnoticed injury, and workers may therefore
lack emergency catch-up vaccinations or even postexposure prophylaxis with immune serum (4, 5, 33,

37). Even though TeV status is only a proxy of actual
immunization status, and even intervals longer than 10
years may be eventually more cost-effective and represent a better estimate of physiological reduction of
antibody levels (31, 36, 38-42), our results are consistent with available evidence, and collectively underscore
the necessity for improving TeV rates and increase vaccine surveillance in adult population performing works
at risk for burns and injuries potentially contaminated
with soils, street dust, human/animal faeces (2, 16, 20,
24).
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Figure 1.

Interestingly enough, the majority of CWs with
inadequate TeV status spontaneously performed lacking vaccination shots, or even started the basal schedule when no documentation was available: these results
are consistent with previous reports suggesting that
workers from lower socio-economic status and education level (7, 43, 44), such as CWs and AWs, frequently assumed at higher risk for misconceptions and
hesitancy (45, 46), actually may retain relatively low
shares of vaccine hesitancy, and that the main reason
for lacking a vaccination booster in these workers is
usually the lack of time or even the simple forgetfulness (2, 10, 12).
Not coincidentally, NIPP 2017-2019 has stressed
that every contact with a physician should be used
to check vaccination status, and that decennial TeV
boosters should be actively offered and performed by
exploiting all the available opportunities (e.g. recertification for driving licence, periodic medical assessment etc.) (27). In other words, more recent guidelines design a proactive role for GPs and OPhs (47,
48), in particular for older age group. In this regard,
even though some reports have suggested that TeV
rates significantly decline with age, ratios of appropri-

ate vs. not appropriate TeV status was similar across
all age groups, and even cut-off potentially associated
with differences in the immunization status, i.e. being born before the introduction of compulsory tetanus immunization for all newborns (i.e. 1968) or after
suspension of conscription (i.e. 1985), did not affect
vaccination rates. Actually, not only general attitude
of CWs towards TeV might be diffusely better than
previously supposed, but it should also be stressed that
a significant share of sampled CWs had received last
TeV shot in Emergency Departments, and such interventions have been described as significant opportunities to catch up with appropriate vaccination status in
older workers, ultimately increasing general vaccination rates (2, 7, 16, 18, 49).
Aside assessing vaccination rates in CWs, this
survey gave us the opportunity to evaluate the intervention of several healthcare providers in the vaccination practice, and our results are somehow disappointing. Although official recommendations have
been issued in order to promote vaccination booster
as combined formulates (since 2012 Td and, more recently Tdap), the large majority of CWs had received
a monovalent formulate only including tetanus toxoid.
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Moreover, we identified a significantly heterogeneous adaptation to the recommendations of NIPPs by
different healthcare providers, as nearly all combined
formulations were delivered in Vaccination Services of
Local Health Units, and conversely GPs, OPhs as well
as Emergency Departments still largely employ monovalent formulates. Such figures are therefore consistent
with previous reports, and may found some presumptive explanations (16, 18). First and foremost, while
workers considered at risk for tetanus may receive TeV
without cost in Vaccination Services, when immunization is performed by other professionals such as GPs
and OPhs, it is not compensated. Since the costs are
on employer’s charge, he may have some hesitancy towards the additional expenditures determined by the
combined formulations (21-24).
Second, some previous reports have suggested
that the knowledge of OPhs and GPs about vaccines
and VPDs are neither regularly up-to-date or consistently based upon scientific evidence, rather frequently
residing on personal beliefs and misconceptions (48,
50, 51). Consequently, our results may simply reflect
the inappropriate reception of recently issued vaccine
recommendations (21-24, 48-51).
Some limits of this survey should be considered.
Firstly, the operative definition of inadequate vaccination status. As previously stated, a 10 years interval between the vaccine booster is a diffuse but arbitrary cutoff, as the excessive use of boosters in a restricted time
frame could potentially result in anergy on the one
hand, and in the severe side effects on the other hand,
whereas a significant share of subjects lacking periodic
booster may actually maintain an efficient protection
(32). Moreover, the lack of vaccine booklet should not
be automatically addressed as the lack of previous vaccinations or even as a lack of effective immunization
(7, 12, 32, 49, 52).
Second, as a result of the primary aim of this survey, i.e. assess the vaccination rates among CWs in a
restricted geographic area, we did not evaluate actual
determinants of vaccination acceptance/hesitance/refusal among sampled workers. Even though our results
are somehow consistent with previous reports that
explicitly assessed a positive attitude of CWs towards
TeV, we cannot rule out that the large share of workers
spontaneously performing catch up vaccinations did
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it as they felt the request of documentation by UOPSAL’s officers as a sort of informal warning, perceiving the possibility of significant fines whether the TeV
status was ultimately ascertained as inappropriate, and
ultimately representing a sort of “social desirability
bias” (53, 54).
Third, it is important to underscore that the study
population was not randomly selected. Moreover, although the sampling was somehow systematic, including all workers involved in active construction sites of
the APT during the study period, it mainly included
CWs from APT and nearby provinces from Northern
Italy: as Italy is very heterogeneous in terms of tetanus vaccination rate, our results should be cautiously
interpreted as representative of the National level (2,
7, 12-14, 44, 55).
Fourth, National setting of Italy on Occupational
Health and Safety law is neither typical or representative of all developed countries. Actually, Italian law
enforces occupational health surveillance, with occupational health services ultimately available to all
workers, and defines specific occupational recommendations for TeV (16, 17, 22, 25). Consequently, our
results cannot be easily generalized even at European
level.
In conclusion, our study enlightens that TeV rates
still remain unsatisfactory even among a high-risk
occupational groups such as CWs, and that updated
guidelines and recommendations encounter significant
difficulties in their diffusion across all healthcare providers. Consequently, our results stress the opportunity
for sustaining a more active role of GPs and OPhs in
promoting and performing vaccinations, as well as in
monitoring vaccine status of their patients, the latter
being a critical aspect for a immunizations with very
long recommended between-shots intervals. Therefore,
it is also crucial to provide GPs and OPhs with up-todate information about vaccines and their recommendations, assuring that they will be able to adequately
advice and inform patients regarding vaccinations.
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