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Abstract. Global climatic change will induce an evolution of the epidemiological parameters of animal diseases 

and of course of zoonosis. Consequently, it may be assumed: 1 – an adaptation of strains of infectious disease 

agents (virus, bacteria, rickettsia, fungi, helminths); 2 – a modification of the ecology of intermediate hosts 

and/or vectors; 3 – a move of hosts and reservoirs according to climatic, ecosystem and biocenose changes. 

Moreover, we have to be cautious about some conclusions relying on hypothesis based only on theoretical 

models.  

New epidemiologic criteria of diseases, risks of emergence of new pathogens are to be taken into account. 

Everywhere, an increase of 1°C of the mean annual temperature induce a 100 Km shifting of vegetal and animal 

biocenoses to the North or the South. Consequently, new associations would appear with new dangers and risks 

that are difficult to prevent. 
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Introduction 
 
In a relatively near future, global climatic 
change will induce an evolution of the 
epidemiological parameters of animal diseases 
and of course of zoonosis. The idea that 
weather and climate are linked to the incidence 
of infectious diseases has been recognized 
since the time of Hippocrates (National 
Research Council, 2001). Consequently, it may 
be assumed: 1 – an adaptation of strains of 
infectious disease agents (virus, bacteria, 
rickettsia, fungi, helminths); 2 – a modification 
of the ecology of intermediate hosts and/or 
vectors; 3 – a move of hosts and reservoirs 

according to climatic, ecosystem and biocenose 
changes. We clearly are in a period of emergent 
diseases induced by these new climatic 
parameters. Nevertheless, we don’t have 
enough clear scientific studies giving 
information about consequences on animal 
health and zoonosis. Impacts of climate change 
on human health have been extensively 
reviewed (Confalonieri et al., 2007; Ebi et al., 
2006, 2008; Frumkin et al., 2008; Patz and 
Olson, 2006). 
 
Moreover, we have to be cautious about some 
conclusions relying on hypothesis based only 
on theoretical models. The existence of 
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climate-related accidents requires adaptation 
of new schedules of preventive actions 
sustained by permanent monitoring of all 
epidemiological parameters. Laboratory 
diagnosis is more essential than ever to 
prevent, detect and manage emergent diseases 
and zoonosis. 
 
Whatever its causes might be, the slow but 
steady temperature rise and changes in 
patterns of rainfall have to be incorporated in 
developing alert and response systems. The 
heat wave episodes do not indicate a sudden 
climate change but only interannual variation. 
According to meteorologists, the climate of a 
region at any given time in the evolution of our 
planet can be defined by the values of variables 
that characterize the weather over a thirty-
year period of time. If some causes of variation 
are pointed i.e. greenhouse gases, industrial 
activities, transformation of spaces, landscapes 
or natural environments through human 
action… many other contributing factors 
remain to be identified, and their contribution 
weighed. In order to assess the impact of these 
climatic changes the Intergovernmental Panel 
on Climate Change (IPCC) indicates that their 
appreciation is only true for areas of 300 km 
and remains in the field of modelling 
depending on the ups and downs of events 
related to the earth system: atmosphere, ocean, 
melting of sea ice, vegetation etc (Somot, 
2005). 
 
Fluctuations in temperature and rainfall, on 
which life depends, are important for vectors, 
intermediate hosts and parasites that need a 
maturation period on the ground. It must be 
stressed that global change include evidence of 
plants, animals and humans responding to 
these changes by moving to higher elevations 
or closer to poles. New repartition of diseases 
and pathogen agents are observed with these 
new biocenosis and penetration of new 
potential host in enzootic or endemic areas. 
Following any climatic accident, it may be 
observed modifications of prevalence of 
infections but also of their clinical 
manifestations. 
 
The elements that come into play are «incurred 
by» biocenosis as a consequence of climatic 
change or «imposed» around the world by 

extensive anthropisation. These strong 
constraints on the environment are not 
separable of green house gas production 
induced by industrial activities but also by 
animals (FAO/LEAD 2006), deforestation, 
increasing crops and meadows, movements of 
men and of their cattle, use of fossil fuels on a 
massive scale etc… 
 
The epidemiological situation and the control 
strategy considered to fight against new plagues 
need to be clarified. In order to understand 
clearly the complex relationships between global 
climatic change, animal health and zoonosis, it is 
compulsory: 
 

- firstly to estimate the importance of the 
impacts, 

- secondly to study their effects i.e. expected 
changes 

- and finally, in a third part, to understand 
the warning signs of hazards and the 
measures that can be taken to reduce risks 
and potential dangers as well risk factors1 
which are not yet properly determined. 

 
First part: Assessment of health 
consequences 
 
1. Cost analysis 
 
Global climatic change began during the 1970’s 
and according to Ezzati et al. (2002) it induces 
each year more than 150 000 dead people and 
over 5 million Disability-Adjusted Life-Years 
(DALY2). These estimates of costs and 

                                                 
1 A risk is the probability that a danger occurs and 
also the importance of its harmful consequences. In 
English, the word “risk” is often used with the both 
significations of danger (or «hazard» in English) and 
risk stricto sensu. It would be better using risk and 
danger with their true significance. 
2 For WHO, one DALY can be thought of as one lost 
year of "healthy" life. The sum of these DALYs 
across the population, or the burden of disease, can 
be thought of as a measurement of the gap between 
current health status and an ideal health situation 
where the entire population lives to an advanced 
age, free of disease and disability. DALYs for a 
disease or health condition are calculated as the 
sum of the Years of Life Lost (YLL) due to 
premature mortality in the population and the 
Years Lost due to Disability (YLD) for people living 
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assumptions take into account consequences of 
severe floodings, recurrent droughts, violent 
storms and forest or bush fires. Unfortunately, 
most of the researches deal with wild fauna, 
artic models and human diseases (Sutherst, 
1998; Patz et al., 2000). Very few papers 
provide information about animal health. 
Nevertheless, some extrapolation from these 
research areas can be generalized to animal 
health and zoonosis, but this requires some 
tenuous leaps to prevent and to combat animal 
and zoonotic diseases and protect human and 
animal welfare. 
 
Finally, it is necessary to focus on a small 
number of papers that are a little sceptical and 
suggest to stand back from this trend and to 
return to realism. Titles of papers like: 
“Warmer does not have to mean sicker” (Hall et 
al., 2006) or “Hot topic or hot air…“(Hay et al., 
2002) might sum up this underlying trend. Few 
years ago, Newsweek titled a front-page article: 
“Global warming is a hoax“! 
 
2. Potential direct health effects 
 
It is quite clear that excessive heat kills: high 
levels of mortality amongst sahelian 
populations in drought-affected areas during 
seventies are objective and convincing 
evidences of relationships. In case of excessive 
heat, domestic and wild animals gather around 
water points, the trematodes’ life-cycles are 
quicker than in temperate areas: the rise of 
temperature stimulate a better emergence of 
cercariae and a quicker dissemination of 
trematodes (Poulin, 2006). Influence of 
temperature on cercarial output, cercarial 
production variability in trematode species, 
influences of magnitude of cercarial production 
and snail host size, cercarial quality, duration 
of cercarial production increase and host 
mortality have been extensively reviewed by 
Mas-Coma et al. (2009). In northeastern 
European countries, survey data have shown 
an increase of Dirofilaria repens infections both 
in animals and humans related to climatic 
global change (Genchi et al., 2011). 

                                                                            
with the health condition or its consequences: the 
extent of helplessness, pain, discomfort, loss of 
enjoyment of life and shortened life expectancy. 
http://www.who.int/healthinfo/boddaly/en/index.
html 

 
Potential effects of Global Climatic Change have 
been studied for malaria and schistosomiasis 
transmission. Martens et al. (1995) have shown 
that the transmission potential of both vector-
borne diseases is very sensitive to climate 
changes on the periphery of the present 
endemic areas and at higher altitudes within 
these areas. The health impact will be most 
pronounced in populations living in the less 
economically developed temperate areas in 
which endemicity is low or absent. 
 
Within the context of global climate change, 
there is a depletion of the stratospheric ozone 
layer, which passed, in some areas, from 3 mm 
thick (usual value) to 2 and even 1.5 mm thick. 
The «hole» in the ozone layer initially appeared 
over the South Pole has now extended to 
populated areas. This tenuous layer protects 
living things from the harmful effects of the 
sun's ultraviolet radiation which are mutagenic 
and are being harmful because they can 
damage DNA, cell membranes and other cell 
components, inducing cancer or only sunburn. 
 
Cellular immunity may be depressed resulting 
in a higher sensitivity to infections, a rising 
incidence of latent infections awakening and 
vaccination failures.  
 
Nevertheless, some positive effects are found: 
prevention of rickets, osteoporosis and 
osteomalacia… (WHO, 2003). 
 
3. Potential indirect health effects 
 
Climatic fluctuations have consequences for 
health through their interference with biology 
and geographical distribution of potential 
vectors or intermediate hosts and of course for 
pathogenic agents which quickly adapt to the 
new environmental conditions, preserving 
endemic genetic resources and selecting those 
elements of the existing gene pool that are best 
adapted to expected growing conditions in the 
future. 
 
Potential hosts and reservoirs are 
disseminating inducing a new distribution of 
potential dangerous areas. Altitudinal and 
latitudinal range shifts have occurred for Ixodes 
ricinus, the vector of the agents of Lyme disease 
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and tick-borne encephalitis (TNE) in Europe 
(Gage et al., 2008). Similarly, in Zimbabwe, the 
increase in temperature from 1984 to 1999 
allowed a huge Amblyomma hebraeum’s 
extension but, in the same time A. variegatum 
only marginally extended (Estrada-Peña et al., 
2008). 
 
For some years now, infectious diseases, 
namely vector diseases, have had a tendency to 
re-emerge and to spread through out Europe. 
For this reason the European Commission 
provided funds for expert working groups. The 
EDEN (Emerging Diseases in a changing 
European Environment)3 program gathers 
researchers from 48 countries and represents 
a powerful tool with an ability to exchange 
health information that has never been 
equalled. 
 
It must be stressed that quality of food and 
drinking water is severely altered by climatic 
accidents due to bacteria outbreaks or simply 
multiplication of flies whose larvae can develop 
in food and contain pathogenic agents. 
 
The outbreaks of rodents that occur after 
flooding or other changes are vectors of virus 
(hantavirus) and bacteria (leptospirosis and 
plague) (Gubler et al., 2001) propagation and 
are a severe danger, which could be 
synchronous to global climatic change. 
 
Second part: Expected changes 
 
Expected changes have been clearly 
summarized by Mills et al. (2010). According to 
their review, climate change will affect the 
frequency of vector borne zoonotic diseases 
(and of course animal diseases not vector 
borne and not zoonotic) through acting on 
nonhuman hosts, vectors and pathogens by one 
or a combination of four primary mechanisms: 
 
a. Range shifts in host or vector distribution 

that bring these hosts and vectors into 
contact with new animal or human 
populations, 
 

b. Changes in the population density of the host 
or vector that would result in increased or 

                                                 
3 www.eden-fp6project.net 

decreased frequency of contact with 
animals or humans or with other hosts, 
mainly wildlife, and vectors, 
 

c. Changes in the prevalence of infection by the 
pathogen in the hosts or vector population 
that would increase or decrease the 
frequency of human or other host or vector 
contact within infected hosts or vectors, 
 

d. Changes in pathogen load brought, in rates 
of pathogen reproduction, replication, or 
development in hosts or vectors that would 
affect the likelihood that a human or other 
host or vector contact would result in 
pathogen transmission. 

 
In that conditions, global climate change could 
appear consequently to several mechanisms 
related to temperature and to high rainfall 
leading to responses of the pathogen-host 
system. 
 
1. Temperature-related effects 
 
Development, evolution, maturation, infectivity 
of virus, bacteria, helminths, protozoa, ticks, 
insects… outside or in vectors4 or intermediate 
host5, are closely related and dependant to the 
local temperature, humidity and aeration. 
 
Humidity and aeration are two static 
developmental factors that didn’t influence or 
modify the speed of the evolution. They only 
permit or stop the development. 
 
Local temperature is the dynamic key-factor 
conditioning the evolution speed on both sides 
of an optimum and their extremes might be 
lethal. 
 
Definitively, the presence of a pathogenic agent 
and of its vector is not the conditions for the 

                                                 
4 A vector allows an active transmission of infective 
agents. The pathogen can multiply on a large scale 
but without any transformation or evolution (virus, 
bacteria). 
5 An intermediate host is compulsory for evolution 
and sometimes for transmission of pathogens. It 
allows reaching the infective or pre-infective stage. 
If there is no intermediate host present in the 
environment, the life cycle is stopped, and of course, 
the transmission of the pathogens is impossible. 
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extension of new or emergent diseases and 
zoonosis: the environmental factors are of 
paramount importance. 
 
It has been stressed that the extrinsic 
incubation time of a vector born infective agent 
within its vector organism is typically very 
sensitive to changes in temperatures (Patz et 
al., 2000). 
 

a. Incidence on the mean vector lifespan 
 
Mortality rates may be increasing in 
conjunction with the temperature rise: it has 
been observed for Culex tarsalis, vector of 
equine encephalitis viruses. For each additional 
degree, the mosquito’s mortality rate is 
increased of one per cent (Reeves et al., 1994). 
 
During the warm season, the survival of pupae 
and adults flies of Glossina is decreased; it is 
the same for snails that are intermediate hosts 
of trematoda. 
 
It is also known that increasing temperatures 
can decrease the development time of 
mosquitoes allowing greater population 
densities to be reached (Gage et al., 2008). 
 
On the other hand, the temperature rise may 
be favourable. In Kenyan highlands, 
development of Anopheles arabiensis is not 
easy: 4 to 9 % of first stage larvae will be able 
to achieve their development up to the adult 
stage and the length of their evolution is more 
than 20 days. At the opposite, deforestation 
leads an increase of pound’s mean temperature 
of 5 to 6 Celsius degree and the larval survival 
is increasing until 65-82%, at the same time, 
the length of the evolution is decreased to 8-9 
days. The mean life span of the malaria vector 
is increased of 50% as compared to forest-
areas. Similarly, the female reproduction rates 
are two folds higher. Same observations have 
been done for Anopheles gambiæ: the 
reproduction rates are respectively of 0.8 à 
1.3% and 2.3 à 2.6% in forests and in cleared 
areas (Afrane et al., 2007). 
 

b. Effects on vectorial capacity 
 
The vectorial capacity or effectiveness is the 
ability of a vector to become infected, to ensure 

the development of virus, bacteria or parasites 
and pass the infection to other individuals or 
populations. This concept expresses the 
coadaptation or compatibility degree between 
a parasite sensu lato and, of course, its vector 
allowing the functioning of the system itself in 
a given environment (Rodhain and Perez, 
1985). 
 
Heat rise reduces the tse-tse flies activity and 
then their vectorial capacity, above 35°C they 
are inactive but it is above 33°C for Glossina 
tachinoides. Anopheles gambiae may be 
surviving without any activity 9 months, during 
the hot and dry season in Sudan. These replies 
to heat rise are observed for all vectors that 
activity is decreasing with the rise of 
temperature. 
 
A good example is given by Culex tarsalis which 
is a less competent vector for equine 
encephalomyelitis virus after living 2 or 3 
weeks at 32°C compared with its better 
competence when it is living between 18 & 25° 
(Kramer et al., 1983). 
 
Favourable consequences are observed for 
many vectors, Seasonality may extend and the 
population dynamics may be stimulated. In 
that conditions, the transmission risk is 
increased: for example, a rise of 3 or 5°C of the 
mean temperatures in California could ensure 
a doubling of encephalitis transmission risk 
(IPCC highest estimations) (Patz and Reisen, 
2001). In USA, epidemics of the equine 
encephalitis virus occur when the temperature 
is below the 21°C isotherm. In this regard, it is 
worth bearing in mind that the global 
temperature rise will induce geographical 
extension of epidemics (Reeves et al., 1994). 
 
Mas-Coma et al. (2009) reviewed the effects of 
higher temperature on evolution of trematodes 
in their intermediate hosts, the snails. They 
stressed that an increase of a few degrees in 
environmental temperatures should lead to 
marked increases in cercarial emergence from 
snail first intermediate hosts, with little if any 
reduction in their transmission efficiency. This 
may be taken into account as a common 
scenario for most host–trematode associations. 
Within the range of temperatures in which host 
and parasite can live, an increase in 
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temperature is almost invariably coupled with 
an increase in cercarial output. This 
phenomenon results from two independent 
processes: higher temperatures not only 
trigger the emergence of cercariae from snails, 
but they also accelerate the production of 
cercariae within snails. The net outcome of 
increasing temperature will thus be a greater 
number of cercarial infective stages. This 
conse- quence of climate warming is not trivial: 
trematode parasitism is not only a major 
veterinary and health problem worldwide, but 
trematodes also play major roles in the 
structuring of animal communities. Any 
temperature-mediated increase in the extent of 
trematode infections may have measurable 
repercussions. Thus, global warming may also 
enhance the local impact of trematodes 
(Poulin, 2006). 
 

c. Effects on genetic selection of vectors and 
transmitted pathogens 

 
The evolution of parasites is only possible in an 
appropriate range. The limiting factors are 
always related to climatic environment. 
Insect’s seasonality is insured by some 
adaptations (hypobiosis for example) but not 
all species have these adaptations and their 
survival could be endangered (Powel and 
Logan, 2005). 
 
One may also suspect that, for a given 
population, some individuals are more tolerant 
to environment conditions and would ensure 
the group's long-term survival. 
 
Usually, after a very cold winter or a very dry 
summer, parasitic infections re-appear and 
never disappear. For example in South West 
France, it has been observed for helminths 
after a very severe dryness during summer in 
2002, that prevalence and mean numbers of 
eggs of helminths (liver fluke, paramphistoms, 
gastro-intestinal strongyles) decreased 
dramatically but the next year (2003) they 
reach the levels of previous years (Thomas et 
al., 2007). 
 
We still have no idea what could be the effects 
of high temperatures on virulence and 
resistance of infectious agents and 
consequently on the new distribution of the 

local types (topotypes) according to the gene 
flow induced by the movements of animals or 
men between these biocenosis and 
consequently the reorganisation of 
communities across in new biotopes. The 
adaptation of vectors to new climatic 
conditions would be related to a genetic 
selection: it has been confirmed for mosquitos 
vectors of encephalitis virus, Togaviridæ and 
Flaviviridæ (Reisen et al., 1993). Even a 
«selection» of females more tolerant to heat has 
been observed, it appeared that their vectorial 
capacity was decreased (Kramer et al., 1983). 
 
Vectorial capacity is a consequence of a very 
long co-evolution. For example many 
mosquitoes are receptive to infection by 
Dirofilaria immitis a worm living in dog heart. 
But, in areas where Culex pipiens is the main 
effective vector, only few strains have the 
dispersion capabilities and the trophic 
preference (zoophilic, anthropophilia) allowing 
an efficient vectorial capacity (Patz et al., 
2000). Valuable data have been reviewed by 
Genchi et al. (2011) about D. immitis and D. 
repens of dog. These authors indicate a 
threshold of 14°C below which Dirofilaria 
development will not proceed in mosquitoes, 
there is a requirement of 130 growing degree-
days for larvae to reach infectivity, and there is 
a maximum life expectancy of 30 days for a 
mosquito vector. The output of this model 
predicted that the summer temperatures (with 
peaks in August) are sufficient to facilitate 
extrinsic incubation of Dirofilaria in many 
contries of Europe inducing high risks of 
transmission of these zoonotic worms in areas 
where they are absent. 
 
For all parasites (vectors, protozoa and 
helminths) requiring a wet environment in 
order to achieve their life cycle with a 
maturation period on the ground, the heat rise 
and dryness are usually seen as detrimental 
factors. Nevertheless, some species are very 
well adapted to a large scale of eco-climatic 
conditions. For example, Hæmonchus contortus, 
an digestive worm of small ruminants, is 
present from North of Europe to dry and hot 
tropical areas. Its adaptation strategies have 
been acquired all along the evolution: where 
the climatic conditions (cold, heat, dryness) 
don’t allow the survival and evolution of eggs 
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outside, a hypobiosis period in abomasum 
allows parasite to survive «at ease» during the 
bad season. This adaptation would be genetic 
and a response to environmental stimuli 
assuming in that way the survival of parasitic 
populations in bad conditions (Jacquiet, 1995). 
 
Of course, these genetic adaptations will be very 
slow and during the transitional period, 
epidemiology of disease could be modified and 
sometimes very difficult to understand. 
Practitioners have to be informed of any alert in 
order to adapt their diagnostics to new 
conditions. 
 
2. Effects of rainfall 
 

a. Consequences of increased rainfall 
 
An expand of potential breeding areas is 
expected inducing an active multiplication of 
mosquitos and freshwater snails which are 
intermediate hosts of trematoda. It is not so 
evident for ticks which are usually living in 
relatively dry areas: A. hebraeum is mainly 
sensitive to temperature rising, it also requires 
a certain level of rainfall while A. variegatum is 
less sensitive even if the extended dry season 
may be harmful (Estrada-Peña et al., 2008). 
 
It has been observed that populations of Aedes 
mosquitoes (vector for the agent of Rift Valley 
Fever in East Africa increased dramatically 
after periods of high rainfall associated to El 
Nino Southern Oscillation events (Mills et al., 
2010). It is the same for malaria in South 
America and Southern Africa. 
 
Severe storms, abnormal rainfalls and resulting 
floods induce drowning of vectors breeding 
gites and for a short period a decrease of the 
number of vectors but allowing their spreading 
in new areas. Abnormal rainfalls stimulate also 
the emergence of cercariae that are then 
carried away by water that may well induce 
new infections at distance from the main focus. 
Metacercariae could be excysted in new areas 
usually free of trematoda infection. An example 
of spreading of some infection after floods is 
given by bovine cysticercosis: its prevalence is 
always higher into areas that have been 
flooded the operation of sewage works is 
disturbed by floods and cannot retain eggs of 

Taenia saginata. It is the same for eggs of T. 
solium, which are washed off at the same time 
those human stools, which are deposited 
outside or after the overfilling of latrines. 
 
Finally, increased rainfall allows a better 
development of the vegetation, which is 
favourable to an increase of the numbers of 
animals on the same pastures. Consequently, 
the chances of meeting pathogenic agents 
increase. Floods multiply contacts between 
human beings and animal because all of them 
are gathering together in dryer areas. Rodents 
are driven out their burrows and can be 
drowned but they often carry epidemics 
because they come closer to men and other 
animals and eat animal corpses spreading 
pathogens. 
 

b. Consequences of decreasing rainfall 
 
Decreasing rainfall has a very bad effect on the 
survival and the development of the vectors 
and even of some pathogens outside. 
Nevertheless the progressive drying-out of 
rivers creates permanent or temporary ponds, 
which are numerous potential breeding areas 
for pathogens. 
 
Reduced rainfall in Senegal and Niger was 
associated with decreases in malaria 
presumably resulting from decreased mosquito 
reproduction (Julvez et al., 1997; Mouchet et 
al., 1996). 
 
3. Consequences: responses of the pathogen-host 
system 
 
It is obvious that the modifications of biotopes, 
biocenoses and ecotones6 will have a strong 
footprint on vegetal, animal or human 
populations. The replies of host-pathogen 
systems were analysed by Brooks and Hoberg 
(2007). According to these authors, three types 
of adaptative replies can be observed. 
 

a. Numerical response 
 
Favourable climatic conditions and 
environment allow to a hostile and often 
dangerous environment to become adapted to 

                                                 
6 Ecotones are the borders between two biocenoses. 
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emergence, evolution and development of 
pathogens and vectors. The new local 
conditions are adapted to their requirements. 
The dynamics of seasonal transmission allow a 
multiplication of pathogens, vectors and 
intermediate hosts. It has been described for 
Dirofilaria in Europe by Genchi et al. (2011). 
Some observations have been published for 
marine pathogens and also arctic areas, for tse-
tse flies and ticks (Estrada-Peña, 2008). 
 

b. Functional response: biotic extension  
 
Vectors will reach new areas and then 
contaminate new hosts. Nevertheless, it is not 
always possible for a pathogen to multiply into 
a new population or a new biocenosis: a 
minimal invasive threshold is compulsory. If 
the numbers of hosts or pathogens are too low, 
the infection disappears in a very short time 
without extension to population (spillover 
concept). In some other cases, pathogen may 
remain alive (or dormant) to a persistence 
threshold without important extension. The 
third potentiality is a huge extension exceeding 
the threshold limit or host’ survival. This 
concept allows according to Fenton and 
Pedersen (2005), to better understand the 
impact of ecological factors on emergence, and 
persistence of pathogens and/or vectors under 
new environmental conditions. 
 

c. Microevolutionary response 
 
A genetic selection of new variants better 
adapted to new environmental conditions is a 
new step in species evolution. The new 
ecotypes may be either factors inducing 
ecological isolation of species in a niche or 
sometimes induce a loss of biodiversity 
following local naïve population killed by 
emergent diseases. 
 
These replies are not independent from each 
other and allow understanding the potential 
risks and adopting a dynamic and forward-
looking approach of dangers and potential risks 
in order to identify the new epidemiological 
conditions. 
 

Third part: Potential dangers and means of 
control 
 
1. Potential dangers and risk of emergence 
 
In any area where new populations arrive, 
there is a full range of dangers that could be: 
 
- Pathogen agents already present in this 

extension area7 and coming into contact 
with new naïve sensitive populations 
arriving in this endemic area, 

- Parasites, virus and bacteria crossing the 
species barrier related to the new 
assemblage of hosts and pathogens 
particularly when there is a huge 
demographic pressure of pathogens and/or 
vectors and they force passage to new 
hosts.  

- Meeting with new vectors more permissive 
or vicariant inducing a huge multiplication 
of pathogens brought by new hosts in the 
recomposed or modified biocenosis, 

- Consequences of mutations allowing a 
quick adaptation to new hosts, in a new 
environment within the new community or 
biocenosis. 

 
Some studies have suggested that emergence 
could be associated with some taxa of 
pathogens more than others, with certain 
transmission routes and with a broad host-
range. 
 
According to Woolhouse (2002), viruses are 
disproportionately likely to be regarded as 
emerging, both in humans and in domestic 
animals, with relative risk (RR) greater than 4 
(RR is the proportion of species with a risk 
factor that are emerging, relative to the 
proportion of species without that risk factor 
that are emerging). Conversely, parasitic 
helminths are unlikely to be considered 
emerging (RR<0.25, i.e. 16 times smaller); 
protozoa, bacteria and fungi are intermediate. 
There is a similar trend among emerging 
wildlife pathogens 
 

                                                 
7 It has to be stressed the importance of wild fauna 
as reservoir and vector of many pathogens. 
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The most predictable emergences are related 
to: 
 
- ARN virus that may use cellular receptors 

retained by different potential hosts,  

- Zoonotic pathogen agents with a large 
range of reservoir on a large geographic 
repartition. These vectorial diseases are 
carried usually by non specific biting flies 
which are not restricted to a very few 
number of potential hosts. Zoonotic 
pathogens are almost twice as likely as 
non-zoonotic pathogens to be regarded as 
emerging. 

- Presence of the pathogens in areas where 
there are significant ecological, 
demographic or social changes. 

 
Epidemiologists are used to model the 
evolution of outbreaks with several parameters 
as the Basic Reproductive Ration (RO), i.e. the 
reproductive or multiplying potential of a 
pathogen. In his review, Woolhouse (2002) 
gave interesting examples with Mycobacterium 
bovis, Schistosoma mansoni, Trypanosoma 
brucei, Rift Valley fever virus etc. 
 

2. Control of not well known danger with not 
identified risk factors 
 
There is a need for efficient tools in order to 
identify adequately emergent pathogens and 
their possible extension through 
epidemiological simulation modelling. Each 
morning, everywhere in the world mixed 
ethnic groups are landed after a long time 
confined inside the cabin of the aircraft and 
they meet other groups at the transit and 
customs formalities. Into passenger cabin 
and/or cargo compartments there are meat, 
vegetable, fruits etc. that may be vectors of 
pathogens coming for all over the world and 
customs cannot inspect everything in personal 
luggage. In front of new sanitary alerts (SRAS, 
Ebola etc.) perhaps, we should present our 
health certificate on your arrival and not only a 
valid vaccination certificate as for dogs and 
cats travelling? 
 

a. Necessity of adequate facilities for early 
detection and early warning system 

 
First of all, it is compulsory to raise physicians 
and vets’ awareness about the importance of 
«exotic» diseases i.e. «not local diseases». In all 
countries, these diseases may appear and the 
case of Blue Tongue spreading quickly all over 
the Europe few years ago is typical. To 
morrow, it may be Ebola. The extension of 
Tiger mosquito vector of Chikungunia in 
Southern Europe is typical of the quick 
spreading of potential vectors. At the time of 
Blue Tongue appearance in Europe, it was 
observed that the knowledge about vector was 
very limited: breeding sites, kinetics of 
evolution were not very well known! 
 
Ecology of sand flies is better known but 
precise data on their development are missing. 
Technologies such as remote sensing and aerial 
photography have an important role to play to 
identify key risk areas. It has been clearly 
demonstrated for tse-tse flies (Bouyer et al., 
2006). 
 
The means of detecting virus, bacteria, 
parasites must be improved and subjected to 
strict quality controls in order to offer reliable 
and effective quality indicators. 
 
Numerous predictive models have been 
established and every researcher publishes his 
own model and ignores all the others: that is a 
true «babel Tower» (Sutherst, 1998). BIOCLIM, 
HABITAT, CLIMEX (pour CLIMatic indEX) 
programs are valuable with their own 
strengths and weaknesses (Sutherst, 1998; 
Estrada-Peña, 2008). They are the first steps to 
new efficient tools where climatic data, 
ecosystem approach, epidemiology of diseases 
and biology of vectors and pathogens will be 
integrated. 
 

b. The need to develop new control means 
 
Many drugs and products are available but 
sometimes their cost limits their current use. 
Nevertheless, the most important problem is 
currently the development of resistance of 
vectors to insecticides and acaricides. Needs of 
new chemicals, new vaccines etc are urgently 
needed. Development of vaccines for vector 
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control is still in its infancy but the results 
obtained in the last 20 years have 
demonstrated the possibilities and advantages 
of this approach (De la Fuente, 2012). It is also 
compulsory to step up the fight against 
counterfeit/falsified medicines. 
 
Conclusion 
 
Global climatic change induces an increasing of 
the number of generations annually, a shorten 
of life-cycles by a quicker external evolution, a 
modification of seasonal activity of vectors and 
pathogens. In the same time vegetal, animal 
and human populations are moving to new 
areas where they bring new pathogens and 
they meet new pathogens that could be 
dangerous for these naïve populations. In those 
conditions, new epidemiologic criteria of 
diseases, risks of emergence of new pathogens 
are to be taken into account. Everywhere, an 
increase of 1°C of the mean annual 
temperature induce a 100 Km shifting of 
vegetal and animal biocenoses to the North or 
the South. Consequently, new associations 
would appear with new dangers and risks that 
are difficult to prevent. Predictive models are 
useful but extensive researches must be done 
to face these new unknown and unprevisible 
dangers. 
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