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INTRODUCTION
Climate changes: definition, main impacts 

Climate change is any significant variation in temper-
ature, precipitation, wind or other type of weather that 
lasts for decades or longer, caused by natural processes 
and human activity that modify atmospheric conditions. 
According to the Fifth Assessment Report of the Inter-
governmental Panel on Climate Change (IPCC) each 
of the last three decades has been successively warmer 
than any preceding decade since 1850. Over the period 
1880-2012, the globally averaged combined land and 
ocean surface temperature data show a warming of 0.85 
°C [1]. In Northern Europe the warming is likely to be 
highest in winter, and temperature increases are likely 
to be seen in the Mediterranean Region during the 
summer period; annual mean precipitation will increase 
in the northern parts of Europe and will decrease in the 
south [2] and extreme events (drought, heavy rainfall) 
will be more frequent [3, 4]. The impacts of climate 
change on human health are multifaceted and depend 
on many factors such as local environmental condi-
tions, vulnerability assessment and the existence of ad-
aptation strategies by public health systems. Though an 

influence of weather and climate on the incidence of 
infectious diseases has been recognized since the time 
of Hippocrates, understanding the linkage between cli-
mate and disease has increasing urgency. In fact, the 
global warming is unequivocal and the transmission of 
the infectious diseases depends on many factors includ-
ing social, economic and ecological conditions, human 
susceptibility and access to care [3, 5]. 

Climate changes and vector-borne diseases 
Vector-borne diseases (VBDs) refer to infections 

transmitted by the bite of blood-sucking arthropods 
such as mosquitoes, ticks and sandflies. It is recognized 
that climatic change influences the emergence or re-
emergence of vector-borne diseases by altering their 
rates, ranges, distribution and seasonality. In fact, VBDs 
are dynamic systems with complex ecology, which tend 
to adapt continually to environmental changes. Al-
though climate is only one of the several factors that 
influence the distribution of these diseases, together 
with environmental and socioeconomic aspects such 
as intercontinental human mobility and trade, it seems 
to be a major driver able to modify their epidemiology. 
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Abstract
Introduction. Risks associated with climate change are increasing worldwide and the 
global effects include altered weather and precipitation patterns, rising temperatures and 
others; human health can be affected directly and indirectly. This paper is an overview 
of literature regarding climate changes, their interaction with vector-borne diseases and 
impact on working population. 
Materials and methods. Articles regarding climate changes as drivers of vector-borne 
diseases and evidences of occupational cases have been picked up by public databank. 
Technical documents were also included in the study.
Results. Evidences regarding the impact of climate changes on vector-borne diseases in 
Europe, provided by the analysis of the literature, are presented.
Discussion. Climate-sensitive vector-borne diseases are likely to be emerging due to 
climate modifications, with impacts on public and occupational health. However, other 
environmental and anthropogenic drivers such as increasing travelling and trade, defor-
estation and reforestation, altered land use and urbanization can influence their spread. 
Further studies are necessary to better understand the phenomenon and implementation 
of adaptation strategies to protect human health should be accelerated and strengthened.



Nicoletta Vonesch, Maria Concetta D’Ovidio, Paola Melis et al.

M
o

n
o

g
r

a
p

h
ic

 s
e

c
t

io
n

398

Weather conditions, in particular temperature, humid-
ity and precipitation, affect reproduction rates and sur-
vival of the vectors, their habitat suitability, distribution 
and abundance; climatic factors impact intensity and 
temporal activity of the vectors throughout the year and 
influence the rates of development, reproduction and 
survival of pathogens within the vectors. Insects are poi-
kilotherms and their internal temperature varies con-
siderably with ambient temperature that affects their 
physiology and directly exposes pathogens they carry to 
thermic variation. The infectious agents are also sensi-
tive to environmental conditions in terms of survival, 
reproduction and multiplication [6-8].

The aim of our study is to present an overview of the 
published scientific literature regarding climatic chang-
es, their interaction with VBDs and the possible conse-
quences on the working population. 

METHODS 
Technical publications and articles regarding cli-

mate changes as drivers of VBDs and evidences of oc-
cupational cases connected to this problem have been 
picked up from the databank of PubMed (www.ncbi.
nlm.nih.gov/pubmed) with the following key words: 
“climate changes”, “vector-borne disease”, “infectious 
diseases”, “human health”, “Europe” alone and/or in 
combination with “employees”, “workers”, and “oc-
cupational”. Abstracts were reviewed, and applicable 
articles were obtained. Main internet sources included 
the following web sites: World Health Organization 
(WHO, www.who.int/en/), Centers for Disease Control 
and Prevention (CDC, www.cdc.gov/), European Cen-
tre for Disease Prevention and Control (ECDC, http://
ecdc.europa.eu/), Intergovernmental Panel on Climate 
Change (IPCC, www.ipcc.ch/ipccreports/tar/wg2/in-
dex.php?idp=358). 

RESULTS
We focused our attention on VBDs in Europe. In 

2010 the ECDC published a technical document to as-
sess and manage changes in the risk of infectious dis-
eases transmission posed by climate change [2]. Table 
1 summarizes tick-, mosquito- and other arthropod-
borne diseases and pathogens that may be affected in 
the European countries.

Tick-borne disease
The geographical distribution of tick-borne diseases 

has changed since the early 1980s: ticks are now found 
at higher latitudes and altitudes where the seasons were 
previously too short or cold for their survival [2, 9-12]. 
Ixodes ricinus, a three-host tick species which is free-liv-
ing with brief feeding periods between the different tick 
stages (larvae, nymph and adult) transmits protozoal, 
viral and bacterial pathogens, several of which are zoo-
notic [13]. It requires a relative humidity of at least 80% 
to survive during its off-host periods, and the habitat 
is restricted to areas of moderate to high rainfall, with 
vegetation that retains a high humidity. I. ricinus occurs 
throughout Europe, and the effects of climatic change 
have been reported. Studies from North-Central Swe-
den have shown northward expansion of ticks along the 

Baltic Sea coastline and new establishments around 
larger bodies of water in the north. These changes have 
been statistically correlated in time and space with re-
cent changes in climate, represented by the number of 
days with temperatures demonstrating milder winters 
[14]. I. ricinus distribution in the mountainous region 
of the Czech Republic has been studied in the same 
locations since 1950s. Tick collection from the early 
1950s and 1981 have shown that ticks were not present 
higher than 700 meters above sea level. When the same 
places were studied in 2001, 2002 and 2003, ticks were 
prevalent as high as 1250 meters [15]. Nevertheless the 
effects of climate change on ticks are often controver-
sial. In fact, other studies have stated that although cli-
matic changes could influence the life cycle of I. ricinus, 
clear evidence for a consistent association between tick 
abundance and a warmer and wetter climate are lack-
ing. Other environmental variables such as landscape 
characteristics and abundance of hosts are also impor-
tant in the dynamics of tick population [13, 16]. Re-
garding hosts, it needs to keep in mind that each active 
stage (larvae, nymphs, and adults) of I.ricinus feeds on a 
range of animal hosts, and the presence and abundance 
of these large hosts often determine the survival of tick 
populations [14].

Lyme borreliosis (LB), the most common vector-
borne disease in the EU region (about 100 000 cases 
each year, probably underestimated), and tick-borne 
encephalitis (TBE) are transmitted by I. ricinus and, in 
North-Eastern Europe (Finland and the Baltic States), 
by Ixodes persulcatus. The widespread occurrence of LB 
and the risk of secondary complications can cause mor-
bidity and economic losses. In endemic areas currently 
characterized by long winter seasons, climate changes 
will lengthen the risk season of both LB and TBE. In 
Southern Europe vector density, and thus LB and TBE 
risks, may decrease when locations become too dry for 
tick survival [2, 17]. There was a marked rise in TBE 
cases from the 1970s in Central and Eastern Europe. 
Spring-time daily maximum temperatures grew in the 
late 1980s, sufficient to encourage transmission of the 
TBE virus [18]. In the Czech Republic, between 1970 
and 2008, there were signs of lengthening transmission 
season and higher altitudinal range in association with 
warming [19]. The presence of TBE virus in Italy has 
been reported for the first time in 1975 in Tuscany Re-
gion. Isolation of the virus from ticks and 12 sporadic 
cases between 1975 and 1991 occurred. Further foci 
were reported in the 1990s in two regions of northern 
Italy, Trentino-Alto Adige and Veneto (Belluno Prov-
ince), both near the Austrian border, with the isolation 
of virus strains from ticks and the diagnosis of several 
cases of human disease [20].

Another tick-borne disease found in Europe and 
possibly affected by climate change include Human 
Granulocytic Anaplasmosis (HGA), caused by Ana-
plasma phagocytophilum, a bacterium usually transmit-
ted to humans by I. ricinus. In Europe, the disease was 
known to cause fever in goats, sheep, and cattle until 
it emerged as a disease in humans in 1996 and now is 
widely recognized as an emerging zoonotic tick-borne 
disease [21]. The prevailing distribution of I. ricinus in 
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Norway corresponds to the distribution of Anaplasma 
phagocytophilum [13].

Crimean-Congo haemorrhagic fever (CCHF) is 
a severe viral disease, caused by a virus belonging to 
the Bunyaviridae family and transmitted by Hyalomma 
spp. ticks to domestic and wild animals. The virus is 
present in the Eastern Mediterranean, where a series 
of outbreaks in Bulgaria in 2002 and 2003 have been 
reported, and in Albania and Kosovo in 2001. Milder 
weather conditions, favoring tick reproduction may in-
fluence the incidence of the disease. For example, an 
outbreak in Turkey was linked to a milder spring season 
(a substantial number of days in April with a mean tem-
perature higher than 5 °C) in the year before the out-
break. However, other factors such as land use and de-
mographic changes have also been implicated [21, 22].

Mosquito-borne disease
Among the arthropods vectors of human diseases, 

mosquitoes appear to be the most susceptible to cli-
matic changes, being part of their life dependent on the 
availability and quality of the water. During the early 
part of the 21st century, an important change in the sta-
tus of VBDs in Europe has occurred. In fact, invasive 
mosquitoes widely established across the continent, 
with subsequent transmission and outbreaks of Dengue 
and Chikungunya virus; malaria re-emerged in Greece, 
and West Nile virus (WNV) has appeared throughout 
parts of Eastern Europe. These changes are partly due 
to globalization, since intercontinental air travel and 
shipping transport have created new opportunities for 
invasive vectors and pathogens, and partly to modifi-
cations in land and environment use. Aedes albopictus 
(the tiger mosquito) has been reported in 25 different 
European countries and has become widely established 
in large parts of the Mediterranean Basin. Since 2007, 

Ae. albopictus has been implicated in the transmission of 
Chikungunya (> 200 human cases in Italy) and Dengue 
(isolated cases in France and Croatia), after these non-
native mosquitoes acquired infection by blood-feeding 
from infected travellers. In 2014, Ae.albopictus was im-
plicated in local transmission of Dengue and Chikun-
gunya in Southern France. Ae. albopictus is abundant 
in most of Italy, along the Croatian coast, on the Cote 
d’Azur, and along the Spanish Mediterranean coast. 
This species continues to expand rapidly along road 
networks. However, the occurrence of autochthonous 
cases would depend on local climate conditions control-
ling the abundance of mosquitoes, and thus the rates 
of mosquito biting, and the virus circulation [4]. More-
over, climate changes may affect disease transmission 
by shifting the vector’s geographic range and shortening 
the pathogen incubation period [23]. In Italy, Ae. al-
bopictus was first recorded in Genoa in the late summer 
of 1990, while the first established populations were 
identified in Padua (Veneto Region) in 1991, probably 
introduced from the United States in used tires. The 
tiger mosquito has subsequently spread throughout the 
peninsula, with populations now established in almost 
all regions of Italy. In the Province of Trento, Ae. albop-
ictus was found for the first time in 1996 in a used tire 
depot near Rovereto (30 km south of Trento), and has 
now been recorded in other municipalities localized in 
a mountainous region. The European Alps are consid-
ered particularly sensitive and vulnerable to meteoro-
logical and climate impacts caused by global warming. 
In fact, there has been a mean annual temperature in-
crease in the Alps since 1890 of 1.1 °C [24]; a positive 
trend in mean temperature of about 1 °C per century 
in Italy was also demonstrated [25]. Another potential 
vector of arboviruses is the Culex pipiens, an autochtho-
nous mosquito species which is the main component 

Table 1
Vector-borne infectious diseases that may be affected by climate changes in Europe. Modified from [2]

Tick-borne Mosquito-borne Other insect-borne

Disease Vector Disease Vector Disease Vector

Lyme Borreliosis Ixodes ricinus
(I.persulcatus in north-

eastern Europe)

Chikungunya fever Aedes albopictus Leishmaniasis Phlebotomine 
sandflies

Tick-borne 
encephalitis

Ixodes ricinus Malaria* Anopheles Chandipura virus Sandflies and 
mosquitoes

Human ehrlichiosis Ixodes West Nile virus Culex Sandfly fever Sicilian 
(SFS) virus

Phlebotomus papatasi

Crimean-Congo 
haemorrhagic fever*

Hyalomma Tularemia Aedes, Culex, 
Anopheles

Tularemia Chrysops spp.

Tularemia Amblyomma, 
Dermacentor, 

Haemaphysalis, Ixodes, 
Ornithodoros

Yellow fever* Mosquitoes Toscana virus P. perfiliewi and P. 
perniciosus

Sindbis virus Culex Sandfly fever Naples 
(SFN) virus)

P. papatasi

Tahyna virus Mosquitoes

Dengue Aedes albopictus
Aedes aegypti

*Disease not prevalent in the European Union.
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of the Italian local insect fauna. The distribution of this 
species cover all temperate regions and comprises two 
distinct forms, pipiens and molestus, that differ in sev-
eral behavioural and ecological characteristics affect-
ing their vector competence to several viruses [26] Al-
though the members of the Culex pipiens complex have 
been implicated as vectors of a number of arboviruses 
including St. Louis encephalitis, Sindbis, and Rift Val-
ley fever viruses, this species has been repeatedly im-
plicated as an important vector of WNV in continental 
Europe [27] and North America [28], habitually biting 
both humans and birds, so that it serves as a bridge vec-
tor of infection from birds to humans.

WNV, belonging to the family Flaviviridae, is an 
emerging zoonotic arthropod-borne virus (arbovirus) 
widely distributed throughout the world and with con-
siderable impact on veterinary and human health. Hu-
man cases have been reported from Romania since the 
1960s, and limited sporadic outbreaks have occurred in 
several European countries in the past 15 years. In Italy 
the first outbreak of WNV appeared in 1998 in Tuscany 
(Fucecchio/Cerbaie), in a nesting site for migratory 
birds that act as a reservoir of the virus, with a few cases 
of equine encephalitis [6]. In 2010 an unprecedented 
increase in the numbers of WNV cases was recorded in 
Europe: temperature deviations from a third year aver-
age during the summer months correlated with a WNV 
outbreak of over 1000 cases in South-Eastern Europe, 
starting from Greece. Evidences show that climatic con-
ditions favoring high population densities of both birds 
and vectors in a location preceded major outbreaks [23, 
29, 30]. Increased temperatures cause an upsurge in the 
growth rates of vector populations, decrease the inter-
val between blood meals, shorten the incubation time 
from infection to infectiousness in mosquitoes, acceler-
ate the virus evolution rate and increase viral transmis-
sion efficiency to birds. However it is important to note 
that, in some cases, extremely high temperatures begin 
to slow down mosquito activity. Regarding precipita-
tion, above-average precipitation might lead to a higher 
abundance of mosquitoes and increase the potential for 
disease outbreaks in humans: heavy rainfall increases 
the standing water surface, is necessary for mosquito 
larval development. A pattern of a positive association 
with rainfall in the months preceding disease outbreaks 
has been demonstrated for WNV [8].

In summer 2007, an unexpected outbreak of Chi-
kungunya fever, an arbovirus belonging to the Alpha-
virus genus, caused more than 200 human cases in the 
Emilia-Romagna Region of Italy; most of the cases were 
recorded in the Province of Ravenna. The tropical virus 
was introduced by a man from Kerala (an Indian state 
affected by a large Dengue outbreak) and sustained by 
local mosquitoes Ae. albopictus, which transmitted the 
infection to other persons [31]. This was the first Chi-
kungunya outbreak on the European continent [21]. 
The tiger mosquito is now ubiquitous with a distribu-
tion predominantly stratified along the coastal areas, 
inland below 600 m, and in the north is already present 
up to the Alpine regions. The species could see a reduc-
tion of its presence in the southern regions where the 
temperature increase was not accompanied by abun-

dant rainfall during the warmer months [6]. The epi-
demic was the result of the globalization of vectors and 
humans, which occurred through a two-step process: 
the introduction and adaptation of Ae. albopictus to a 
new environment and the introduction of Chikungunya 
virus in an infection-free country because of population 
movement. Whether climate change created a favorable 
ground for the spread of the infection is a matter of de-
bate, though this hypothesis has been widely confuted; 
in fact, the Italian climate has always been suitable for 
Ae. albopictus to flourish during the warm season. The 
time-limited capacity of the vector to sustain infection 
transmission after the hot season and appropriate con-
trol measures determined a rapid containment of the 
outbreak [31]. Why WNV infection occurred in 2008 
in Italy almost in the same area that had been affected 
by the Chikungunya outbreak of 2007 and what fac-
tors were involved remain undefined. Climate change, 
which can have hardly explained the Chikungunya out-
break, is certainly not to blame for the WNV outbreaks 
[2, 31, 32].

Dengue is the most rapidly spreading mosquito-borne 
viral disease, showing a 30-fold increase in global inci-
dence over the past 50 years [33]. Each year about 390 
million Dengue infections happen worldwide, of which 
about 96 million manifest with symptoms [34]. The first 
sustained transmission of Dengue in Europe since the 
1920s was reported in 2012 in Madeira, Portugal [35]. 
Autochthonous transmission has occurred repeatedly 
in France and Croatia, due to travel importation [36]. 
Ae. aegypti and Ae. albopictus are the principal vectors 
for Dengue and both are climate sensitive. Over the last 
2 decades, climate conditions have become more suit-
able for Ae. albopictus in some areas (e.g., over Central 
North-Western Europe) but less suitable elsewhere (e.g., 
over Southern Spain) [2, 18, 37]. Ae. albopictus is now 
established in southern Europe and is better adapted to 
lower temperatures than the primary vector (Ae. aegypti) 
of the Chikungunya and Dengue viruses. Ae. albopictus 
is likely to spread further in Europe with climate change. 
However, the potential areas for future transmission of 
Chikungunya and Dengue viruses are more restricted 
than areas with possible vector occurrence [2]. 

Malaria is caused by one of the species of the Plas-
modium parasite, transmitted by female Anopheles spp. 
mosquitoes. Historically malaria was endemic in Eu-
rope, but it was eliminated in 1975. Recent studies 
investigated the recurrence of malaria in Italy [38-40]. 
The risk is currently considered low and unlikely: spo-
radic and isolated cases of Plasmodium vivax, along with 
small and localized outbreaks, may occur in rural areas 
of our country, where the climatic conditions and the 
density of the vector are favorable. The historic vec-
tor Anopheles labranchiae is present mainly in Tuscany, 
Northern Lazio, Puglia, Calabria and large islands [29]. 
The potential for malaria transmission is linked to me-
teorological conditions, such as temperature and pre-
cipitation [21]. The influence of temperature on ma-
laria development appears to be nonlinear, and is vector 
specific [41]. But malaria is very sensitive to socioeco-
nomic factors and health interventions, and the gener-
ally more conducive climate conditions have been offset 
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by more effective disease control activities [18]. Projec-
tions of malaria under future climate change scenarios 
are limited in Europe; while climatic factors may favor 
autochthonous transmission, increased vector den-
sity, and accelerated parasite development, other fac-
tors (socioeconomic, land use, treatment, capacity of 
health-care system, etc.) limit the likelihood of climate-
related re-emergence of malaria in Europe [21].

Other insect-borne disease
Other insect-borne diseases have been considered in-

fluenced by climate changes: the visceral form of leish-
maniasis (VL) is the most serious of the sandfly-borne 
diseases in Europe and is caused by a parasite present 
mainly in dogs. Most VL cases are currently reported 
south of the 45°N latitude in Europe, but both sand-
flies and a few autochthonous cases have been recently 
found in mid-Western Germany [2]. VL is a typical ru-
ral and peri-urban disease, present along the areas of 
the Tyrrhenian coast, the coast of the Adriatic Sea and 
islands; cases are reported in many regions of south-
central, but the areas most affected are in Campania 
and Sicily. The average increase in atmospheric temper-
ature may determine the increase of cases in the regions 
where it is already present in endemic form, and the ex-
pansion of the transmission of leishmaniasis to northern 
latitudes [42]. This phenomenon has been studied in 
some areas of Northern Italy, and comparison between 
recent entomological data with those available for the 
years 1960 and 1970 revealed that some species of 
sandflies have expanded their geographic distribution 
northward [29, 43, 44].

Nematodes of the genus Dirofilaria are currently 
considered emerging agents of parasitic zoonoses in 
Europe. Climatic changes and an increase in the move-
ment of reservoirs (mostly infected dogs) have caused 
an increase in the geographical range of these parasites 
from the traditionally endemic/hyperendemic southern 
regions, and the risk for human infection has increased. 
In the last several years, forecast models have predicted 

that current summer temperatures are sufficient to fa-
cilitate extrinsic incubation of Dirofilaria in many areas 
of Europe. The global warming projected by the Inter-
governmental Panel on Climate Change suggests that 
warm summers suitable for Dirofilaria transmission in 
Europe will be the rule in the future decades, and if the 
actual trend of temperature increase continues, filarial 
infection should spread into previously infection-free 
areas [45]. 

Impacts on working population
Considerable research and planning with regard to 

climate change has dealt with public health and the en-
vironment, but little has been focused on workers. The 
challenge would be to investigate and characterize how 
climate events may influence workers health and safety 
and to establish plans for mitigating, responding to and 
anticipating health impacts. Schulte, et al. [46] tried to 
represent the link between global climate change and 
occupational safety and health through a framework, 
derived from two models used by WHO for assessing 
the relationship between environmental health and 
policy action [47, 48]. A synthesis of the framework 
focused on VBDs is shown in Figure 1. The model as-
serts that the climate changes affect workers’ health to-
gether with other contextual factors, such as population 
growth, energy policies, local conditions/socioeconomic 
circumstances and increasing urbanization/deforesta-
tion. All these factors act increasing the magnitude and 
severity of known hazards and result in a higher num-
ber of workers potentially exposed to them. The hazards 
can be included in seven categories: increased ambient 
temperature, air pollution, ultraviolet (UV) radiation, 
extreme weather, expanded vector habitats, industrial 
transitions and emerging industries, and changes in the 
built environment. Exposure to these hazards trigger 
different outcomes on workers’ health. Figure 1 shows 
the impact of the climate changes and the other contex-
tual factors on vector-borne pathogens and host habi-
tats, the main effect on the occupational health and 

Contexts

Hazards/
exposure

Occupational 
health effects

Impact on occupational 
safety and health 

research and practice

Infectious diseases

Vector-borne pathogens
and expanded habitats 

Perform new research on climate 
and occupational diseases

Identify numbers of workers 
exposed

Develop new standard and 
controls, early warning systems 
and surveillance  

Modify risk assessment methods 

Develop indicators of climate-
potentiated health effects

 Population  Energy Local conditions and Urbanization/
 growth policies socioeconomic circumstances deforestation 

Global Climate Change 

Figure 1 
Relationship between climate change and occupational safety and health. Modified from [46]. 
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the implications in terms of future research and plan. 
In fact, modifications in research and practice should 
adequate to new scenarios and/or to more frequent ex-
posure to a specific hazard. 

The occupational category mainly affected by VBDs 
is represented by outdoor workers, which include farm-
ers, foresters, landscapers, groundskeepers, gardeners, 
painters, roofers, pavers, construction workers, labor-
ers, mechanics, and any other worker who spends time 
outside. Industry sectors with outdoor workers include 
the agriculture, forestry, fishing, construction, mining, 
transportation, warehousing, utilities, and service sec-
tors. Emergency responders and healthcare workers 
who deal with infected subjects are also at risk of ex-
posure. Outdoor workers are exposed to many differ-
ent hazards depending on the type of work, the geo-
graphic site, the season, and the duration of time they 
spend outside. Physical hazards may include extreme 
heat, extreme cold, noise, and sun exposure; biological 
hazards involve exposure to tick, mosquitoes and other 
vectors in enlarged habitats. Due to climate modifica-
tions, workers may be exposed to vector-borne diseases 
in areas and at times where transmission was previously 
impossible. Moreover, changes in daily work activities 
caused by increased heat, i.e. longer rest periods in the 
middle of the day and increased work at dawn and dusk, 
could correspond to period when vectors are most ac-
tive, therefore increasing the risk of disease transmis-
sion [49]. Other factors associated with vector-borne 
diseases include host factors such as population sus-
ceptibility, insecticide resistance, primary healthcare, 
land use patterns, and subtle alterations in microenvi-
ronments [46]. In literature studies regarding occupa-
tional exposure to vector-borne diseases are numerous 
[50-56], however uncertainty persists in attributing the 
increasing of some diseases to climate change. 

DISCUSSION
Vector-borne pathogens can cause massive suffering 

to human and animals, and a lot of them are increasing 
their range into new areas such as Zika, a tropical virus 
spread by mosquitoes, suspected of causing severe birth 
defects, whose proliferation reinforce the assumption 
that arboviruses continually evolve and adapt within eco-
logic niches perturbed directly or indirectly by humans 
[57]. Investigating infectious disease outbreaks is a 
complex and dynamic process involving biological, envi-
ronmental, social, and economical factors. Vector-borne 
diseases are also gaining wider socioeconomic impacts 
since the burden of climate-sensitive diseases is greater 
for the poorest populations [58]. They varies markedly 
by pathogens and by location, resulting more frequent 
in the tropical climates of many developing countries, 
and also because of low levels of socioeconomic develop-
ment and coverage of health services in underdeveloped 
areas. More than ten years ago, Harvell, et al. [59] re-
viewed the potential for infectious diseases to increase 
with climate change. Since then, a lot of researches have 
been published in theme of climate-disease interactions, 
as demonstrated by a study of Altizer et al., showing that 
papers referencing a climate-disease link in the title has 
doubled in the period 1990-2012 [60].

Naturally-occurring climatic events, such as disasters 
and disease outbreaks, have often occurred in the past 
in response to extreme climatic cycles, such as the El 
Niño Southern Oscillation (ENSO) cycle. Nowadays, 
the situation has become more complicated, since hu-
man activities may influence natural climate cycles, 
amplifying for example the natural “greenhouse ef-
fect”, thereby increasing Earth temperature [61]. Im-
pacts of climate change vary by regions, depending 
on the change intensity and the vulnerability of the 
area. It is recognized that during recent decades Eu-
rope has warmed up: temperature has grown especially 
in the north and in the mountains of the Mediterra-
nean region. Climate changes are represented not only 
by modifications in temperature but also in humidity 
and precipitation. Rainfalls have shown variable trends 
across Europe: annual precipitations increased of 10-
40% during the 20th century in the north and decreased 
of up to 20% in the south. The Mediterranean region 
has become warmer with an increase in the frequency, 
intensity and duration of “heatwaves” and a decrease in 
total precipitation [8].

The life-cycle and transmission of many infectious 
agents are inextricably linked to climate, and there is 
little doubt that climate changes will affect VBDs [57]. 
In general, it has been observed that increased tem-
peratures and humidity favor the growth of mosquito 
populations, but paradoxical effects, such as the link 
between drought and the emergence of Chikungunya 
along coastal East Africa, have been also reported [62]. 
Extreme weather conditions are one of the consequence 
of climatic changes. Drought is known to contribute to 
outbreaks of the WNV in North America: as wetlands 
dry, the remaining pools become hubs of birds activ-
ity which, together with the increase in abundance of 
mosquitoes developing in nutrient-rich waters, increases 
animal-vector interface that permits virus transmission. 
Flooding creates additional aquatic habitats, thereby 
contributing to mosquito-borne disease risk [4]. Climatic 
factors in Italy may have favored the extension of vectors 
now ubiquitous as the tiger mosquito at higher altitudes 
or the shift to more northern latitudes of vectors already 
considered endemic (i.e. sandfly vector of leishamania), 
or the appearance of cases in areas generally considered 
exempt [6]. Nevertheless, it should be emphasized that 
climate change is not the unique factor able to change 
the epidemiological picture of vector-borne disease. 
Others include socioeconomic development, urbaniza-
tion, land-use change, migration, and globalization. Rez-
za, et al. sustains that the impact of climatic changes on 
VBDs has been sometimes overemphasized: the debate 
following the Chikungunya outbreak in Italy tended to 
attribute a role to climate change, without consider-
ing that the Italian climate has always been suitable for 
the vector (Ae. Albopictus) to flourish during the warm 
season [62]. Many existing and emerging zoonotic dis-
eases can be traced back to human-induced ecological 
disturbances. Deforestation, road construction, water 
control system and human settlements disrupt the natu-
ral habitat of infectious agents, their host and vectors: 
workers involved in these activities are on the front line 
to contract novel infections. The emergence of Nipah 
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virus in Malaysia in the late 1990s after large tracts of 
rain forest were cut for commercial forestry is an exam-
ple of disease outbreak caused by ecological modifica-
tion. Projected increasing in the frequency and severity 
of ENSO under future climate change, associated with 
modification in ambient and food supplies for animals, 
can increase the risk of new interaction between animals 
and human activities [50].

Quantification of the effect of climate change on 
VBDs and the subsequent risk to public and occupa-
tional health is very difficult to assess [4]. If and in 
which direction changes in the global climate will have 
an impact on human health is largely debated: scien-
tists assert that most of the health impact of climate 
change would be adverse [61]. Consideration must be 
given to the capacity of public health systems world-
wide to respond and adapt to the infectious diseases, 
and in particular to vector-borne diseases, that might 
result from climate change [4]. In general, an effective 
public health response should include disease control 
strategies and methods to mitigate effects of epidemics, 
and an optimally allocation of resources. Exposure pre-
vention through vector control and suitable protection 
measures are essential actions of effective public health 
and occupational practice. Monitoring environmental 
and climatic precursors of the diseases through early 
warning systems are also very important to predict the 
introduction and spread of VBDs [36, 56].

The EU Commission at various level and jointly by 
different Directorates has promoted actions to affront 
climate changes related health problems through: 1) 
strengthening cooperation between the services of hu-
man, animal, and plant health; 2) developing action 
plans to face extreme weather conditions; 3) collecting 
reliable information on the risks of climate change by 
international cooperation, in particular with the WHO; 
4) looking for additional effort to identify the most ef-
fective measures; 5) improving the surveillance and the 

control of the infectious diseases circulating among hu-
mans and animals [23, 63, 64]. The gaps in adaptation 
strategies to climate change between different countries 
are evident, as also shown in recent study conducted in 
the Mediterranean basin [65]. Stakeholders should de-
velop and implement guidelines and standards in order 
to protect workers health under climate change condi-
tions [66].

In conclusion, climate change is an important phe-
nomenon in a changing world and, though its influence 
on infectious diseases has been recognized, its real im-
pact and long term effects need further studies and in-
vestigations.
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