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Simple Summary: Ixodid ticks and tick-borne diseases are expanding their geographical range, but
surveillance activities vary among countries. We analysed the surveillance systems in place in the
Netherlands, Spain and Italy, to identify ideal elements to monitor tick-borne diseases, by using a
One Health evaluation protocol. We identified differences among the three surveillance systems,
with the Dutch initiative showing a high level of transdisciplinary collaboration, good identification
of the actors and engagement of the public in research and education. Measurable outcomes have
been generated, such as the reduction in tick bites and the discovery of new pathogens and tick
species. In Italy and Spain, surveillance systems are based on compulsory notification to health
authorities; legislation seems relevant but law enforcement alongside the availability of economic
resources is rather fragmented and limited to the most severe diseases. The non-scientific community
is marginally considered and collaborations are limited to local initiatives. Research activities in
both countries have mostly contributed to gaining knowledge on the distribution of tick species
and the discovery of new pathogens. Although all TBD surveillance plans comply with the EU
regulations, the initiatives characterised by trans-disciplinary collaboration may be more effective for
the surveillance and prevention of tick-transmitted diseases.

Abstract: To identify ideal elements for the monitoring and prevention of tick-borne diseases (TBD),
we analysed the surveillance systems in place in the Netherlands, Spain and Italy. We applied a
semi-quantitative evaluation to identify outcomes and assess the degree of One Health implemen-
tation. Differences emerged in the surveillance initiatives, as well as the One Health scores. The
Dutch surveillance is dominated by a high level of transdisciplinary and trans-sectoral collaboration,
enabling communication and data sharing among actors. Different project-based monitoring, research
and educational activities are centrally coordinated and the non-scientific community is actively
involved. All this yielded measurable health outcomes. In Italy and Spain, TBD surveillance and
reporting systems are based on compulsory notification. Law enforcement, alongside dedicated
time and availability of economic resources, is fragmented and limited to the most severe health
issues. Veterinary and human medicine are the most involved disciplines, with the first prevailing in
some contexts. Stakeholders are marginally considered and collaborations limited to local initiatives.
Research activities have mostly contributed to gaining knowledge on the distribution of tick vectors
and discovery of new pathogens. Although all TBD surveillance plans comply with EU regulations,
initiatives characterised by transdisciplinary collaboration may be more effective for the surveillance
and prevention of TBD.
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1. Introduction

The risk of introduction and spread of emerging pathogens of medical and veterinary
concern has been increasing in Europe. Tick-borne diseases (TBD), in particular, are highly
sensitive to changes in weather and climate, which have consequently led to a substantial
rise in their incidence linked to the expanding distribution of their tick vectors [1]. Hence,
tick-borne zoonoses such as Lyme borreliosis (LB), tick-borne encephalitis (TBE) and
Crimean-Congo haemorrhagic fever (CCHF) are, among others, emerging health problems
that increasingly threaten to become endemic in new areas.

According to European Union (EU) legislation, EU-member states have the obligation
to notify some infectious diseases to the national authorities and/or the European Commis-
sion (Decision No. 2000/96/EC). EU policies about communicable diseases aim at disease
monitoring, early detection and rapid response. In 1999, a network for epidemiological
surveillance and disease control was established to promote the cooperation and coordina-
tion among member states (Decision No. 2119/98/EC). Within this framework, surveillance
activities are carried out in the fields of human and animal health to collect epidemiological
data at country level, while promoting the implementation of specific surveillance plans
for disease prevention, control and early detection. At present, the European Centre for
Disease Prevention and Control (ECDC) and the European Food Safety Authority (EFSA)
jointly coordinate a specific programme on vector-borne diseases and provide scientific
advice to reduce the risk to animals and humans [2]. In the past years, EU-legislation
on communicable diseases was amended to include the surveillance of some TBD. The
Commission Decision No. 2000/96/EC embraced the viral haemorrhagic fevers, including
CCHEF, under the category of ‘serious imported diseases’. Later, in 2012, the Commission
Decision No. 2012 /492 /UE specifically incorporated the section of “Tick-borne diseases’,
with reference to TBE. More recently, this list has been updated with the definition of
disease cases for some emerging and re-emerging vector-borne diseases, including Lyme
neuroborreliosis (Commission Implementing Decision 2018/945).

Tick-borne diseases represent a special challenge for European surveillance systems
and national health authorities due to the complex epidemiology, difficulties in their
diagnosis (sometimes needing the awareness of open-minded physicians) and because TBD
prevention mainly relies on public health education. The surveillance of TBD can benefit
from cooperation among several disciplines, including entomology, ecology, veterinary and
human medicine, among others, to monitor tick distribution, animal reservoirs and disease
cases in humans and also in domesticated animals [3,4] within an integrated, One Health
(OH) approach.

Within the framework of existing research collaborations on tick-borne diseases among
the authors, we evaluated the surveillance systems on TBD in place in the Netherlands,
Italy and Spain, with a focus on the degree of OH implementation in the initiatives. All
three countries are experiencing changes in ticks/TBD epidemiology (e.g., emergence of
CCHF in Spain, TBE in the Netherlands, and the increase in tick distribution range in Italy).
For this purpose, we applied the semi-quantitative evaluation protocol developed by the
EU COST Action TD1404 “Network of Evaluation of One Health” (NEOH)) [5], which
enables us to develop a profound understanding of the strengths, weaknesses and gaps of
established surveillance programmes [6].

2. Materials and Methods
2.1. Data Collection

To characterise the surveillance systems under review, we gathered data from different
information sources, including legislation, surveillance reports at international, national
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and/or regional scales and the available scientific literature. These data were thoroughly
analysed and discussed among the manuscript authors per each country, in order to
describe the context, the health initiative and the theory of change.

2.2. NEOH Ewvaluation Tool

The evaluation method follows guidelines outlined in Riiegg et al. [7] and consists of
a mixed methods approach, including a descriptive and qualitative assessment combined
with a semi-quantitative scoring that measures the degree of OH that characterises the
health initiative. It is based on a questionnaire that explores different operational (thinking,
planning, working) and infrastructural (learning, sharing, systemic organisation) aspects
within the initiative. OH thinking refers to the specific dimensions and scales involved
and/or affected by the health issue, and how they match within the implemented initiative.
OH planning assesses the resource allocation, suitability and adaptability of health pro-
grams to address common objectives, considering the integrated nature of the initiative.
OH working focuses on the transdisciplinary approach and participatory engagement
which relies on appropriate leadership and management. OH sharing evaluates the extent
and methods of information and data sharing infrastructures within the initiative. OH
learning examines knowledge exchange infrastructure and how this supports learning
within the system and in the broader environment. Finally, the systemic organisation looks
at the implementation of shared leadership and governance to promote engagement of all
disciplines for effective teamwork. Questions related to all these OH aspects were scored
with values between zero and one, where zero indicates the absence of the component
within the initiative, and a value of one reflects its full implementation. Scores were inserted
in a Microsoft Excel workbook, modelled on a template provided by Riiegg et al. [6]. Due
to the complexity and fragmentation of the systems implemented in Spain and Italy, for
these countries OH sharing was only quantitatively assessed and systemic organisation
could not be evaluated.

3. Results
3.1. Context and Description of the Systems and Health Initiatives
3.1.1. The Netherlands

In the Netherlands, LB has been a growing health issue since the 1990s, with consider-
able societal cost. Indeed, it is estimated that LB affects around 27,000 people annually, with
a cost of EUR 19.3 million for the Dutch healthcare [8,9]. Human cases have been increasing
over the years, reaching a maximum incidence rate of 149 diagnosed erythema migrans per
100,000 inhabitants in 2017 [10]. Accordingly, the country has been experiencing a sharp
increase in the number of medical consultations regarding tick bites [10-12].

Other emerging TBD have been receiving attention from Dutch health authorities in re-
cent years. Tick-borne encephalitis was first discovered in 2016, circulating in both ticks and
wild animals [13]; afterwards, the first autochthonous human cases were identified [14,15].
This viral disease might also impact the food chain, causing economic losses to Dutch animal
producers and food industry, since the virus can be transmitted through the consumption
of raw dairy milk and products. Sporadic reports of exotic tick vectors, such as Hyalomma
marginatum, have additionally alerted the health authorities to the potential introduction of
emerging pathogens, including CCHF virus and Rickettsia aeschlimannii [16,17].

According to the Dutch Public Health Act n. 461/2008, the control of infectious
diseases corresponds to the municipalities, which are endorsed by 25 municipal health
directorates. The National Institute for the Public Health and the Environment (RIVM) is a
multidisciplinary health centre that serves as coordinating structure for the national health
surveillance [18]. This institution holds the Centre of Infectious Disease Control (RIVM-CIb),
which aims at the monitoring, prevention, control and management of infectious diseases.
Moreover, RIVM-CIb supports and coordinates different control activities at the national
and international level. At the national level, it provides advice and support to local and
regional health services to promptly identify outbreaks of endemic and emerging infections.
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Even though TBD are not notifiable diseases in the Netherlands, a surveillance system
based on multiple projects has been implemented (Figure 1). RIVM, together with different
health entities and universities, carries out several monitoring, research, education and
control activities. A national awareness week is held annually during springtime to mark
the onset of the tick season; during this week, information and advice about ticks and TBD
are provided to the general public [19]. These information campaigns also include the
development of online games, targeting school-aged children, videos [20] and a mobile
application named ‘Tick radar” [21]. This latter was launched in 2012 from the collaboration
between RIVM and Wageningen University and provides information and advice to users,
shows real-time maps illustrating the distribution of tick bites and LB cases based on
users’ reports.
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Figure 1. Visual representation of the TBD surveillance initiative in the Netherlands within its system.

Relationships (arrows) are classified as governance (grey), membership (black), and causal interactions
(blue). The red hexagon represents the initiative with arrows where it impacts the system. Note: TBD
in pets and livestock are only partially considered by the initiative (modified from Riiegg et al., 2018).

3.1.2. Italy

In Italy, the National Health Service is coordinated by the Ministry of Health. However,
the health system is highly decentralised, with most administrative and organisational
powers governed by the 21 Regions (Figure 2). Regional Health Services comprise Local
Health Authorities (ASL) and Hospital Authorities (AO). Regions may implement surveil-
lance and have the obligation to report cases of notifiable diseases to the Ministry of Health.
The Italian National Institute of Health (Istituto Superiore di Sanita, ISS) is the main Italian
research institute in the biomedical and public health field and is the technical and scientific
body of the National Health Service. Finally, ten Experimental Zooprophylactic Institutes
(Istituti zooprofilattici sperimentali, IZS), distributed on the national territory, operate in con-
cert with the Ministry of Health, regional veterinary services and the local health services
to assure diagnostic activities, epidemiological surveillance, research and training.

National legislation requires the mandatory surveillance of some TBD. The still on-
going Ministerial Decree 15/12/1990 includes rickettsioses, Q fever and tularemia within
‘class 2 diseases, for which the local health agencies and the regions are required to notify
the Ministry of Health about the cases within 48 h. Lyme borreliosis is included within
the ‘class 5, for which the reporting of cases to the Ministry of Health is performed yearly.
The Directive 2003/99/EC on the monitoring of zoonoses and zoonotic agents was im-
plemented in the Italian context with the Legislative Decree 191/2006, which enables the
regions to carry out specific LB monitoring according to the epidemiological situation.



Vet. Sci. 2022, 9, 504

50f18

Ministry of
Education

Researchers

!

Zooprofilattici

i i

i |

. H |

sperimentali ':n::;::t(e;sf) E ticks > WI!::“IfE 3
(125) ' *, y J |

|

Ministry of Ministry of the
Health Environment

Italian National

Istituti

National Health | pathogens  * "
Service - N . .
— Regional )

Governments ¥ v

People with Domestic animals
Regional Health TBD with TBD
Service .
_—

Hospital
Authorities

(A0}

¥
Physicians  «

. Y
T o
. -
i " -
Local Health surveillance
Authorities. system
(AsL) )
v — -
Veterinarians / / Protection
Knowledge measures against

v v \ \ tick bites
Savings in

health-care
costs

OH Governing Resource ,  Resource Further
initiative system system units. components

Figure 2. Visual representation of the TBD surveillance initiative in Italy within its system. Relation-

ships (arrows) are classified as governance (grey), membership (black), and causal interactions (blue).
The red hexagon represents the initiative with arrows where it impacts the system (modified from
Riiegg et al., 2018).

The Ministry of Health Circular No. 17500, 2018 establishes the national surveillance
and response plan for TBE, specifying the mandatory reporting of disease cases within 24 h
to the local health services; in case of confirmation, these must be communicated to the
Ministry of Health within 12 h. Regional authorities mostly adopt the national legislation,
but specific legislation was created in the north-eastern regions where TBE is endemic.
Accordingly, across the country, different monitoring, research, education actions/projects
exist, mainly thanks to the initiatives of local health units, research institutions and univer-
sities. Most of institutional websites of Italian regions (16 out of 21; Table S1) and IZS offer
educational and informative materials with key notions about prevention and control of
ticks and TBD (e.g., leaflets, online videos and formative courses). Moreover, IZS in collab-
oration with ASL of at least ten regions offer a public service that allows citizens to submit
ticks biting humans, for their identification and molecular testing for tick-borne pathogens.

Notwithstanding, scarce information about human health monitoring and surveil-
lance is published and/or available: only four regional health services annually deliver
open-access regional reports about TBD incidence in humans. Some regional health au-
thorities have reported an increase in TBD cases over the years [22,23]. However, due
to the difficulties in the diagnostic of these diseases, notifications are scarce. Spotted
Fever Group rickettsioses, and Mediterranean Spotted Fever in particular, are considered
endemic in Italy, with 1.36 cases of hospitalisation/100,000 person years [24]. Cases of
Dermacentor-borne necrosis erythema and lymphadenopathy (DEBONEL/TIBOLA) [25],
and of LB [26] are also reported in some regions. However, the most reliable data regard
TBE, for which a case definition and more accurate testing exist, according to the 2018
arbovirosis surveillance plan.

Surveillance on TBD in Italy is mainly a ‘human health’ initiative, focused on human
data and expertise. Data and expertise in the animal/environmental domain are only
partially considered, although the environmental and animal components (including veteri-
nary health services) are at the basis of the ecological and epidemiological research on TBD.
Some TBD, such as anaplasmosis and Q fever, are mainly monitored within the animal
health component [27-29].
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3.1.3. Spain

The Ministry of Health together with the Ministry of Agriculture, Fisheries and Food
constitute the core of the national health system in terms of human and animal health,
respectively. Based on the administrative organisation of the Spanish territory, the health
system is structured at three levels (national-regional-local). The above-mentioned min-
istries are responsible for ensuring the harmonisation of health services, operating at
national scale through law-making and its implementation. These institutions, however,
devolve governance and decision-making to the regions: 17 autonomous communities
plus two Spanish enclaves in North Africa. Thus, regional health services organise and
coordinate health services delivery at local level (Figure 3).
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Figure 3. Visual representation of the TBD surveillance initiative in Spain within its system. Relation-

ships (arrows) are classified as governance (grey), membership (black), and causal interactions (blue).
The red hexagon represents the initiative with arrows where it impacts the system (modified from
Riiegg et al., 2018).

Mediterranean spotted fever (MSF) is endemic across the country and LB and
DEBONEL/TIBOLA have been increasingly reported in the last decades [30,31]. Three
major human outbreaks of tularemia were identified in 1997, 2007-2009 and 2014-2015
in north-western areas, but only few cases have been associated with tick bites [32-34].
Moreover, sporadic cases of tick-paralysis [35], human anaplasmosis [36], babesiosis [37]
and tick-borne rickettsioses by Rickettsia monacensis have been reported [38]. Since the
first description of a patient affected by Rickettsia sibirica mongolitimonae infection in 2008,
cases and series of adults and children with different clinical manifestations have been
published [31,39]. The circulation of CCHF virus was first uncovered in Hyalomma lusi-
tanicum ticks collected from red deer of central-western regions in 2010 [40] and, from
2016 to 2021, ten autochthonous human cases of CCHF (three of them fatal) have been
notified, some of them retrospectively [41-45]. In addition, the first case of Neoehrlichia
mikurensis infection in a patient with antecedent of haematological neoplasm has been
recently communicated [46], following the first detection of the bacterium in Ixodes ricinus
ticks removed from cows in the country almost a decade before [47].

In Spain, MSF (transmitted by ixodid ticks and caused by Rickettsia conorii) and tick-
borne relapsing fever (TBRF) (transmitted by soft ticks and caused by Borrelia recurrentis)
were the only TBD included in the list of notifiable diseases in 1981 (Resolution of the
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Directorate-General for Public Health, BOE-A-1982-971). In 1996, the National Epidemi-
ological Surveillance Network was created at the service of the National Health System
under Royal Decree 2210/1995, 28 December. This modified the system of notification
of diseases and adapted it to the requirements of the European Union with the aim of
early detection of the population’s health problems and immediate intervention. The au-
tonomous communities in their field of competence developed this regulation and were in
charge of periodically sending the established epidemiological information to the Ministry
of Health and Consumption. At that time, the list of notifiable diseases included TBE,
MSF and TBRF. TBD were considered of regional concern and just a few regions used to
report human disease cases (e.g., MSF). In this context, the initiative has mainly evolved
focusing on human health and animal health, although research activities at national scale
have covered human, animal and environmental domains. Actions concerning the animal
domain generally consist of monitoring project-based activities. It is worth noting that
Spain (jointly with France, Hungary, Italy and Sweden) participated in a European initiative
through the European network for surveillance of TBD (QLK2-CT-2002-01293). As a result
of this collaboration, European diagnostic guidelines for tick-borne bacterial diseases were
published [48]. Different research groups (the Group of Rickettsiae and Borreliae or the
Study Group of Special Pathogens) engaged in the Spanish Society of Infectious Diseases
and Clinical Microbiology (SEIMC) [49] and developed multidisciplinary networks, such
as the Thematic Network of Cooperative Research of EBATRAG (G03/057), focusing on
tick-borne bacterial diseases under laboratorial, clinical and veterinary scope. However,
the lack of coordination and resources allocated for TBD determined the disappearance of
this study groups. Even so, some Spanish regions (n = 4) count with specific regional TBD
monitoring programmes on human and animal health, while the rest (n = 13) are governed
by the national legislation (Table S2). For instance, specific programs for emerging research
groups of the National Health System (SNS), such as the EMER Program (BOE-A-2008-
3288), accredited by the Carlos III Health Institute, have contributed to lead from La Rioja
the development of molecular, serological and culture methods and give support to the
TBD diagnosis in Spain.

In 2011, the Health Alert and Emergency Coordination Centre (CCAES) from the
Ministry of Health, Social Policy and Equality, supported by a group of experts, published
the first report on the situation of CCHFV in Spain [50]. In 2015, health authorities defined
and implemented new disease surveillance protocols at national scale (Order SSI/445/2015),
including TBD that were defined as mandatory communicable diseases (e.g., tularemia) and
regional endemic diseases, such as LB. Specific protocols were subsequently designed and
rapidly implemented based on necessity, for example, the protocol for surveillance of CCHF
released in 2016 [51] based on the updated report on the assessment of the transmission
risk of CCHFV [52].

Local and/or regional authorities have implemented awareness campaigns through
the production of informative materials (e.g., posters, leaflets) and their distribution among
health care services and during formative meetings to at-risk categories (e.g., hunters, forest
workers, mushroom pickers, etc.). Almost all institutional websites of the regions (15 out
of 17; Table S2) offer information related to tick prevention and control. Updated reports
about incidence of the most common TBD are also available.

3.2. Theory of Change (ToC)

To describe how and why changes are expected to happen with the implementation
of surveillance on ticks and TBD, we mapped the theory of change. ToC illustrates the
envisioned pathway of change in the underlying system through the inputs, actions and
changes in the system and programme (results/outputs) necessary to reach the short- and
long-term outcomes, as well as primary and secondary impacts.

Figure 4 describes the pathway of change in The Netherlands. The Dutch initiative
has resulted in measurable health benefits, with a reduction in tick bites and LB incidence
in humans. In fact, there are chronological differences as the initiative evolves in time,
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reflected by measurable outcomes. The initiative is focused on ‘event to solution’, and,
although it is mainly oriented to damage prevention (“less diseases less expenses”), some
activities aim to social changes, such as making landowners responsible for tick bites in
their properties. Monitoring and research activities have given rise to increased knowledge
by identifying the emergence of new tick-borne pathogens (e.g., Borrelia miyamotoi and
TBEV), and new risk factors. Actors’ activities and behaviour have been changing with
the system evolution; for example, studies are now ongoing to understand if vaccination
against TBEV is needed in the country, and a citizen science system to signal exotic tick
species (e.g., Hyalomma spp.) has been created [53].
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Figure 4. Change pathway for the TBD surveillance system in the Netherlands: inputs from science
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1

and society to co-produce outputs taken up by society and the scientific community and disseminated
to result in first and second impacts and scientific progress (modified from Riiegg et al., 2018).

As regards Italy and Spain, ToC is more difficult to draw because of the lack of data
(e.g., assessment of the efficacy of control and surveillance measures) and, as mentioned
above, of the variability of actions undertaken in the different administrative regions within
each country.

In Italy, national laws have existed since 1990 to promote diseases notification, but diag-
nostic difficulties probably hinder notifications and regional data are not displayed/made
public on a national platform. Regional health services are more or less active, depending
on the epidemiological situation of the region. The same happens for the research at re-
gional level: despite the limited resources, the research activities have contributed to gain
knowledge on the distribution of tick vectors and transmitted pathogens in the country,
with the discovery of new pathogens, e.g., Borrelia miyamotoi and ‘Candidatus Rickettsia
rioja’ [54,55] and eco-epidemiological determinants of disease (e.g., ticks expanding their
geographic range [56]). Moreover, new legislation on TBE has been issued, following
European legislation (Ministry of Health Circular No. 17500, 2018).

In Spain, the initiative has evolved through application and adaptation of surveillance
protocols, but also extending the surveillance to the entire national territory. The initiative
demonstrated flexibility to change over time and according to needs; for example, new
protocols and activities were created following the discovery of CCHFV. As another exam-
ple, according to the laboratory environmental findings (surveillance of risk through the
study of ticks), efforts have been made to draw haematologists and oncologists” attention
to the importance of certain TBD (e.g., neoehrlichiosis) in patients under these conditions
in tick-endemic areas. Thus, sessions in scientific conferences have been held and research



Vet. Sci. 2022, 9, 504

90f18

projects offering the possibility of incorporating patients under diagnostic suspicion within
specialised clinical networks (e.g., Spanish Network of Infectious Pathology, REIPI) have
been developed. At the educational level, in the last years, workshops, talks or round
tables focused on TBD under a OH approach have been organised to give advice on the
prevention of TBD to schoolchildren, university students and the elderly, among others,
during the celebration of the Science Week or the International Day of Women and Girls
in Science.

3.3. The Degree of One Health

The level of OH implementation was individually evaluated for the three surveillance
systems under study. As already pointed out, in Spain and Italy we were only able to
perform a partial semi-quantitative evaluation of these health initiatives. OH sharing
was evaluated qualitatively and systemic organisation could not be assessed due to the
complexity and fragmentation of the systems (Table 1).

Table 1. Scores attributed to operational and infrastructural dimensions of the surveillance initiatives.

o1 . . . . Systemic
Country Thinking Planning Working Learning Sharing Organisation
the Netherlands 0.9 1 1 0.8 1 1
Ttaly ! 0.73 0.44 0.40 0.45 na na
Spain ! 0.78 0.49 0.51 0.6 na na

! na = not assessed: sharing and systemic organisation were not quantitatively evaluated for Italy and Spain due

to the administrative fragmentation of the initiatives in these two countries.

3.3.1. The Netherlands

Mean scores of OH aspects suggest a good balance between operations and infrastruc-
tures of the surveillance system in place, as it can be observed in the spider diagram in
Supplementary File S1. The Dutch health initiative obtained a perfect match in OH plan-
ning, OH working, OH sharing and Systemic organisation (mean score: 1.0). High mean
scores were also obtained for OH thinking and OH learning (0.90 and 0.80, respectively).

Regarding OH thinking, different dimensions and scales were identified as being
relevant elements within the initiative. Management and legislation have a passive recogni-
tion since the tick surveillance system is part of the national programme for the control of
zoonoses. This programme has an impact both at local (e.g., province and/or regions) and
national level and foresees a high level of transdisciplinary and trans-sectoral collaboration
between public, animal, and environmental health. Nevertheless, TBD are not seen as a ‘vet-
erinary’ concern, so data and expertise in the animal domain are only partially considered
(e.g., scarce information on TBD in domestic animals is available). The initiative considers
several dimensions of life, from genes (research on microorganisms) to individuals, to the
population scale. Time dimension is of great relevance especially when it comes to the
surveillance program design and implementation (e.g., organisation and funding); in fact,
like other vector-borne diseases, TBD incidence is seasonal, concurring with the activity
period of ticks (e.g., early spring to autumn in the case of I. ricinus). Time is also a risk
factor for the health issue, considering the time-lapse between the human/animal exposure
to infected ticks, pathogen transmission after a tick bite and the onset of disease symptoms.
Social and economic resources are relevant and well-considered within the health system,
and economic and societal costs of some TBD have been assessed. The Dutch initiative
is economically supported by the Dutch Ministry of Health, and, to a lesser extent, by
international institutions.

One Health learning reflects the good cooperation among the stakeholders involved at
different levels in the initiative. Informative meetings occur regularly, leading to the sharing
and discussion of information and perspectives, aimed at informing decision makers and
the general population.
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With the OH planning assessment, we identified that responsibilities and professional
skills are highly supportive of a OH approach. Common aims focused on transdisciplinarity
were detected, as was also observed at the organisational level. The actors involved in the
initiative are well identified and their activity is supported by the active participation of
stakeholders (e.g., citizens involved in tick bites reporting, participation to questionnaires,
use of the mobile apps, etc.). Though adequate economic resources underpin most of the
actions, critical aspects concern the inability for active participation to the initiative of some
stakeholders (e.g., landowners) and the economic sustainability in the long-term of some
monitoring activities.

As regards transdisciplinarity, the Dutch initiative is broad and inter-sectoral, with
great participation of the non-scientific community. Strong engagement of some categories
of scientists was highlighted (e.g., medical doctors, environmental specialists); as mentioned
above, veterinary professionals/practitioners are only partially involved. There is generally
a good interaction among actors within the initiative, fostering the collaboration with
spontaneous and frequent in-person meetings or staff-exchange. The empowerment of
the initiative is also reflected across different social classes, as it was revealed from social
studies performed among the general population [57,58] or those addressed to groups at
risk [59-61].

The initiative is endowed with internal and external mechanisms for information
exchange among stakeholders, including the general population. Appropriate institu-
tional databases and backup systems ensure data storage. However, the sharing of the
methodologies applied and results obtained is compartmentalised, and communication
is mainly linked to specific projects. For instance, the National Institute for the Public
Health and the Environment (RIVM) coordinates and organises annual meetings and work-
shops concerning LB projects, during which all national actors/stakeholders can meet
and interact. External sharing mechanisms comprise the participation in international
congresses/workshops alongside article publication on international scientific journals.
Moreover, RIVM accounts with an institutional website where it regularly publishes open-
access reports about monitoring and surveillance activities.

3.3.2. Italy

The OH thinking of the Italian initiative had an average score of 0.73. Lower values
were assigned to OH learning (0.45), OH planning (0.44) and OH working (0.41) (Table 1;
Supplementary File S2). The initiative extends at national level but is implemented at
regional level, and is mostly addressed to containing and/or preventing damage, especially
in humans. System fragmentation mirrors notable differences among regions, related to the
variable epidemiological situation and the availability of resources for TBD surveillance.

Legislation on TBD ranges from regional law to national regulations. Notwithstanding, law
enforcement is rather fragmented, with TBE being the disease that receives higher attention.

All dimensions of life involved in the health issue are fully considered (i.e., from
pathogens to tick vectors, vertebrate hosts populations and the environment), as well as
the time dimension (as described above for the Netherlands). Socio-health and economics
dimensions are only partly considered (e.g., free/discounted TBEV immunisation are
offered to citizens in endemic areas). Most monitoring and risk assessment activities on
TBD are short-term and mainly based on research funds; thus, limited resources lead to
slight support for surveillance actions. Some health strategies and allocated resources
are not specifically addressed to TBD: for instance, TBE surveillance is included within
the national surveillance programme for arbovirosis, in which activities and resources
mainly address mosquitoes-transmitted diseases. Notwithstanding, supportive resources
are partially allocated for the reduction in incidence of tick bites and TBE in humans,
through information campaigns and vaccination programmes.

Veterinary and human medicine are the main disciplines involved in TBD surveillance.
Ecologists, data analysts and the non-scientific community are marginally considered.
According to Davis et al. [62], the Italian initiative can be classified as a ‘One Medicine’
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initiative rather than ‘One Health’. The veterinary sector seems to be more engaged than
the public health sector: research products generated by veterinarians and/or biologist are
more numerous than those related to the human medical sector. Stakeholders” involvement
is limited to regional and local initiatives. The non-profit association ‘Lyme Italia’” [63], for
example, collaborates with some regions by organising information campaigns, congresses
and informative meetings to increase awareness about TBD.

Regarding OH learning, it can be pointed out that some health institutions, such as
Experimental Zooprophylactic Institutes (IZ5), have contributed to basic learning through
educational online courses, especially addressed to medical doctors and veterinarians.
Stakeholders’ involvement and awareness has also supported the adaptive learning of the
health system (e.g., recognition of LB as a ‘rare disease’ in some regions or professional
categories, with economic support to the patients).

Knowledge sharing and data sharing was difficult to assess in the Italian context
because of system fragmentation. We had difficulties finding available and/or updated
information on TBD incidence at national level. Information was also sparsely available at
local level and it was updated only in some of the regions (e.g., Autonomous Province of
Trento and Bolzano, Veneto and Piedmont regions; Table S1). Data flows among actors is
compartmentalised, with information exchange limited amongst research groups. Notwith-
standing, research studies are shared with the scientific community through publications in
national and international journals and the participation to regional, national and interna-
tional congresses. Accordingly, the fragmentation of the system made it impossible to assess
teamwork, leadership and governance characteristics within the systemic organisation.

3.3.3. Spain

The OH evaluation of initiative implemented in Spain had similar results to the
Italian initiative. Better results were obtained for OH thinking (mean score: 0.78), and
lower indexes for OH learning (0.6), OH working (0.51), OH planning (0.49) (Table 1;
Supplementary File S3).

The same dimensions described for health initiatives of the Netherlands and Italy
were considered for Spain. The geographic dimension is of great relevance, since the health
issue extends at country level, including different ecological regions. Several levels of
dimension of life were considered, from genes to cells, tick vectors, domesticated and
wild animals, humans and populations. Legislation is also significant: most TBD are
regulated by law and subjected to mandatory surveillance and notification. Legislation
supplies surveillance protocols for guidance to health care services. Alongside surveillance
activities, regulations on TBD have evolved over the years by being enforced from regional
to national scales. Notwithstanding, flexibility and/or adaptation are allowed according to
the epidemiological situation.

The surveillance initiative focuses on preventing damage; it is not carried out as a
unique strategy, but it is composed by several separate grant-based projects. Social and
economic factors are fully considered, especially for LB (e.g., clinical cases with long-term
unspecific symptoms) and CCHF (due to the possible deadly consequences). Moreover,
professional at-risk categories have been object of research studies for a long time and are
the main target for awareness campaigns. Accordingly, TBD are considered as ‘occupational
diseases’ by the Spanish law (Royal Decree 664 /1997).

The Spanish health system has demonstrated a great response capacity and adaptation
over the years. Thanks to the presence of dynamic feedback loops the system has been able
to adapt to health necessities. Indeed, TBD surveillance was promoted from regional to
national level by establishing standardised monitoring protocols (e.g., for MSF in 2013).
Moreover, in the light of the first human cases of CCHF in 2016, the health system moved
rapidly towards emergency control [64]. This emerging problem caused the system to rely
on the union of effort and synergies for carrying out strategic risk assessments at country
level [51] and specific protocols for disease surveillance in humans were implemented.
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Regarding OH planning and OH working, the initiative can be regarded as a ‘One
Medicine” approach, skewed towards human medicine. However, in some local/regional
contexts, the activity of veterinary sector predominates over human medicine. There is
a reasonable identification of the stakeholders involved in the initiative and punctual
collaboration between human and veterinary disciplines. Over the years, national health
institutions, in coordination with regional health services and reference hospitals and
laboratories, have worked together for disease surveillance and control in humans. New
research groups were established, but time and resources were not well allocated to sustain
the activity long-term, leading to their disappearance. Nowadays, collaborations are in
place among research groups, but their activity is mainly based on grants. The non-scientific
community is marginally involved, with short-term collaborations with representatives of
agricultural sector, hunting associations, bird ringers or workers collaborating in projects
with endangered animal species.

Although the health system is endowed with good channels of communication, the in-
formation and knowledge generated within the Spanish initiative is somehow compartmen-
talised and mainly limited to scientists. Notwithstanding, data sharing is complemented
by the production of national and/or regional annual reports (Table S2), the publication
of scientific articles and the participation to national and international scientific events.
The knowledge gained within the experience is not only collected and stored but it is
partially shared and discussed among actors, leading to changes on the basis and objectives;
however, it depends on economic resources, considering that most studies performed are
grant-based projects. As in the case of Italy, systemic organisation could not be assessed
because of the fragmentation of the system.

4. Discussion

The purpose of our research was to describe the surveillance initiatives on TBD
in the Netherlands, Italy and Spain to assess their degree of OH implementation and
highlight strengths and weaknesses, considering the intrinsic differences of the three
systems. The idea was not to define which is the best system, but to identify supposedly
ideal elements for disease monitoring and prevention that can be applied in different
contexts. Administrative structure, health legislation, ecology and epidemiology of diseases
condition the surveillance activities in place in each country, though the same European
regulations are followed. Even if the harmonisation of activities is difficult, countries can
learn from each other to improve their systems with a OH-oriented approach.

The evaluation protocol developed by NEOH was useful to analyse in detail the
surveillance initiatives. Unfortunately, we had difficulties in compiling some aspects
related to Italy and Spain; in fact, surveillance on TBD in these countries is composed by
several local initiatives, due to legislation and to the specific epidemiological situation of
the different regions within these countries.

The One Health assessment enabled to appreciate the presence of a multidisciplinary
approach and cross-sectoral collaboration, especially in the Netherlands. The Dutch mon-
itoring, surveillance and research activities extend to the national level and are based
on the collaboration between different disciplines related to public, animal and environ-
mental health. For the health initiatives implemented in Italy and Spain, the evaluation
revealed that the underlying mechanisms are mainly based on a ‘One Medicine” approach,
skewed to the human sector. Notwithstanding, punctual collaborations between several
scientific disciplines and non-scientific communities have been in place over time in some
administrative regions/provinces. Despite the human health dominant approach in the
Spanish and Italian health systems, the veterinary component seemed to contribute most
to scientific knowledge in these initiatives. Differences among countries may be due to
the different epidemiological situations and health impacts of ticks/TBD on the human
health and animal health sectors. In the Netherlands, like other countries of northern EU,
ticks seem of minor concern for the animal production sector, also due to misdiagnoses
and a low level of livestock owners” awareness [65]; conversely, cases of LB in humans
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have been notified since at least 1994 [66]. In southern European countries, in contrast, tick
genera such as Rhipicephalus and Hyalomma, transmit anaplasmosis and babesiosis, which
can impact livestock health and production [67-69]. In fact, in Italy, TBD are mostly studied
by zooprophylactic diagnostic institutes, which are animal health institutions. In Spain
and Italy, TBD are considered emerging threats for human health and the human medicine
interest for these diseases has been growing only recently.

Monitoring of tick vectors should be at the basis of any TBD surveillance system.
The use of proper methods and sampling strategies may contribute to the preparedness
of health systems, with solid knowledge about the epidemiological situation in a given
area [70]. Regarding human health, TBD surveillance across EU-member states is rather het-
erogeneous [71], even if Lyme neuroborreliosis, TBE and CCHF are subjected to mandatory
reporting. Legislation, however, does not ensure the effectiveness for disease monitoring.
For instance, TBD reporting in the Netherlands is subjected to passive surveillance and
disease-case reporting is voluntary. Notwithstanding, medical doctors routinely report
tick bites and disease cases and thereby, contribute to the general picture of LB at country
level [72]. By contrast, Italian legislation requires mandatory reporting of zoonotic TBD,
but reliable data are available mainly on TBE, and the burden of LB is uncertain. The same
uncertainty on the number of LB cases occurs in Spain, recent statistics reveal that the
number of LB has tripled in the last 15 years, showing an increase in hospitalisations of
more than 191% [73]. However, these data are not accurate at all and must be interpreted
with caution. It is true that now the disease is better known, the number of human tick bites
has been increasing in the last years, wildlife is more protected and subsequently, there are
more amplifiers/reservoirs to complete ticks’ life cycle, the livestock production is globally
expanding and predators of ticks (ants, wasps . .. ) are decreasing as a consequence of the
use of pesticides [74,75]. It must, however, be recognised that there is a lot of over- and dis-
information and greater awareness by the population because the problem appears even in
popular magazines (it is in the news that celebrities such as Alec Baldwin, Richard Gere or
Justin Bieber suffer from LB). In addition, many scientific data are based on seroprevalence
studies, although serology is not a good tool to distinguish between active or past infection
(even worse in tick-endemic areas) [76]. The reality is that those patients (having the same
problem now and before) were not previously ‘labelled” as diagnosed with LB but with
other pathologies such as radiculopathy, for instance.

Contrasting scenarios among countries may be explained by differences in the struc-
tural and operational aspects discerned during the evaluation process. Surveillance charac-
teristics might also be a result of the experience gained by the three countries on zoonotic
disease surveillance. In the Netherlands, the outbreaks of avian influenza in 2003 and Q
fever in 2007 brought to the creation of a consolidated intersectoral network for the surveil-
lance, monitoring and signalling of zoonotic diseases [77]. Such structure also served as a
basis for surveillance of TBD. Ongoing climate and environmental changes, favouring a
higher risk of some TBD, could increase the awareness on the importance of intersectoral
surveillance networks also in Italy and Spain.

Stakeholders have demonstrated strongly supporting the health initiatives when they
are involved, by contributing to increase knowledge and helping to achieve main goals. For
instance, in the Dutch initiative, citizens actively participated in several projects helping to
monitor tick bites and LB across the national territory [57,78]. Moreover, their contribution
has enabled the Dutch initiative for reflexion and self-assessment, but also for measuring
its impacts on health [10,11,60,79,80]. To maintain public engagement, it is of paramount
importance to give information feedbacks related to the activities in which stakeholders are
involved [12]. Efficient information exchange among actors and stakeholders leads to health
benefits by a prompt system reaction (response capacity) and control of the health issue [81].
Information exchange was generally compartmentalised for all three initiatives evaluated,
but greater sharing was observed for the Netherlands. However, also the Spanish health
system demonstrated efficiency and preparedness with the early detection of CCHF [64].
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Dedicated time and availability of economic resources are among the major limiting
factors for the maintenance of health initiatives. This was observed in Italy and Spain in
particular, where resources are mainly allocated for TBE and CCHE, respectively. This ap-
proach, even if reasonable since these are the main health issues, does limit the effectiveness
of control strategies for other TBD and may reduce the societal impact of the initiative.

Some of the aspects discussed above were included in the recommendations proposed
by the ECDC to tackle TBD [64]. Amongst recommendations, the assessment of the effects
of surveillance initiatives is of paramount importance. Indeed, regular evaluation is needed
to ensure the effectiveness of the surveillance, its efficiency and operation. Different
aspects can be evaluated [82]. By using the NEOH framework, we specifically focused on
the evaluation of the surveillance integration and on the degree of OH implementation
within the three surveillance systems. We observed that intersectoral collaboration and
communication are key elements of an effective surveillance; good practices that foster
such interdisciplinarity are more and more important to tackle complex health issues, such
as vector-borne diseases.

5. Conclusions

Surveillance systems characterised by transdisciplinary collaborations might be more
effective in disease prevention and early response to emerging health threats, including
tick-borne diseases. The semi-quantitative NEOH evaluation protocol is a useful tool to
highlight the strengths and weaknesses of integrated surveillance, and help to inform
decision makers about the importance of adopting an integrated approach for zoonosis
surveillance and management.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/vetsci9090504/s1, Table S1: Description of surveillance
and monitoring activities on TBD across Italian regions; Table S2: Description of surveillance and
monitoring activities on TBD across Spanish regions; Supplementary File S1: Evaluation of the degree
of OH implementation of the Dutch surveillance system on TBD, based on the NEOH template;
Supplementary File S2: Evaluation the degree of OH implementation of the Italian surveillance
system on TBD, based on the NEOH template; Supplementary File S3: Evaluation the degree of OH
implementation of the Spanish surveillance system on TBD, based on the NEOH template.
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