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INTRODUCTION
Vector borne diseases are diseases that are transmitted by the vector
and which, due to climate changes and progressive trend of globalization,
are (re)emerging in many regions of the world. Though animals are mostly
reservoirs and not heavily affected, 17 million human deaths per year [1],
due to highly infectious diseases, are enough for global veterinary public
health concern. Overpopulated and economically poor countries are
particularly at risk.
Additionally, there are (re)emerging infectious diseases transmitted
by vectors which makes epidemiological situation even more complicated
and unpredictable. Diseases transmitted by Arthropods (mosquitoes, ticks,
midges etc.) are known as Arboviral diseases. These include three virus
genera, Flavivirus, Alphavirus and Bunyavirus, causing West Nile fever
(WNF), Yellow fever (YF), Dengue, Murray Valley fever (MV), Japanese
encephalitis, Equine encephalitis, Chikungunya (CHIK) Fever, Rift Valley
fever (RFV), tick-borne encephalitis (TBE), Crimean-Congo haemorrhagic
fever (CCHF) and other less common diseases [2].
So far, it has been seen that global environmental and socioeconomic changes created favourable conditions for emergence and
transmission of vector-borne diseases.
International movements enable import of vectors and consequently
pathogens into new regions. Not all imported vectors and pathogens are
able to adapt, but this is how malaria and WNF have been established in
Canada. It is anticipated that such scenario could happen with Rift Valley
fever, Japanese encephalitis, and chikungunya [3].
Spread of vector-borne pathogens is also conditioned by global
climate changes. Therefore, the northward spread from endemic areas is not
surprising. Since the 1980s, tick vectors have increased in density and
spread into higher latitudes and altitudes in Europe. Ticks are now found in
abundance along the Baltic Sea coastline up to latitude 65 °N in Sweden [4,
5].
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While some diseases emerge, there is a list of diseases that have
disappeared and now re-emerge. Changes to their geographic range and
ecology driven by environmental changes such as climate change explain
this phenomenon.
Animals including wildlife, as mentioned, are not heavily affected,
but play important role as reservoir maintaining causal agents. Wildlife is
also influenced by environmental and socio-economic changes (e.g. climate
change, and land use changes due to urbanization and agricultural
expansion) which alter the dynamics of transmission amongst natural
reservoir hosts, changing the geographic footprint of endemic areas and the
likelihood of animal–human transmission.
Having the country close to the regions where vector borne diseases
are endemic and on crossroad between east and west, led us to investigate
the risks of their emergence in Serbia. The aim of this study is to present the
capacity and readiness of the Institute of Veterinary Medicine of Serbia
(IVMS) to diagnose and to early detect viral diseases that have not been
diagnosed before in this region and that are transmitted by vectors.
MATERIAL AND METHODS
For the risk analysis, we used qualitative approach based on data
related to diseases and vectors distribution, and dominant traffic flows in
our region.
Selection of priority diseases presented in this paper was based on the
results of (i) vectors known to be present in Serbia, (ii) diseases known to
be present in the region, (iii) diseases with unknown status in Serbia and
(iv) diseases which could be related to dominant traffic routes.
We systematically searched for relevant publications in repositories
of the World Health Organization Library (WHOLIS), U.S Centers for
Disease Control and Prevention (CDC), Food and Agricultural Organization
(FAO), European Centre for Disease Prevention and Control (ECDC).
According to these findings, diagnostic procedures have been established in
IVMS [6, 7, 8, 9]. These procedures do not require virus propagation.
Mosquitoes collected for West Nile fever and Bluetongue disease
monitoring were tested for the presence of USUTU and Rift Velley fever
virus by RT-PCR. Insects were collected in Belgrade region during the
summer 2015, and were initially screened for the presence of vector species
(Aedes spp, Anopheles spp, Culex spp). After these species were confirmed,
they were tested for USUTU and RFV. Following this procedure, we tested
200 samples.
Ticks, collected from the south-west Serbia, where the densest sheep
population is located, were used for TBE and CCHF testing. Screening
procedure was the same for 20 samples of ticks, after Ixodes ricinus and
Hyalomma marginatum had been detected in the samples.
17
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RESULTS
Investigating incidence and risk factors for the disease occurrence,
we found several viral vector diseases of high importance for our country.
They are Crimean–Congo haemorrhagic fever, tick borne encephalitis,
USUTU viral infection and Rift Valley fever.
As a major risk factor for emerging, vector arthropod species for
these four diseases are known to be present in Serbia. Hyalomma
marginatum, CCHF virus vector, apart from Serbia is also present in
Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, France,
Greece, Italy, Kosovo, the Former Yugoslav Republic of Macedonia,
Moldova, Montenegro, Portugal, Romania, Russia, Spain and Ukraine [10,
11]. Ixodes ricinus, vector of TBE, covers a wide geographic region
including the Balkans. Despite wide range, there are still changes in its
distribution, conditioned by climate changes which resulted in higher
altitude settlement [12]. Beside I. ricinus, I. persulcatus is also present in
Serbia [13, 14]. As across Europe, Culex pipiens, transmitting USUTU
virus among other viruses, is indigenous species in Serbia [15]. So far
Rift valley fever has been restricted to Africa and partially middle east, but
vector species cover much wider region including Serbia where Aedes
albopictus has, also, been reported [16].
Epidemiological data about these vector diseases in Serbia are very
limited.
According to literature data, it is assumed that CCHF is endemic in
Kosovo based on serology and PCR on the samples from 2005 and 2009
[17]. However, the infection has not been confirmed in Serbia so far [18].
Routine use of suitable diagnostic tests for TBE is uncommon in
Serbia. Therefore, both the prevalence and the incidence of tick-borne
encephalitis remain unknown [19]. However, TBE is, across large regions
of Europe and Asia, endemic [20]. Similarly, USUTU virus monitoring in
Serbia is patchy indicating circulation of the virus in particular regions by
serological tests [21]. So far, Rift valley fever has not been introduced in
either Europe or the region. But specifically for the Balkan region, intensive
traffic flow to and from middle east countries can play important role in
epidemiology and occurrence of this disease in Serbia.
Laboratory diagnosis in IVMS for these diseases is based on virus
genome detection by molecular methods from variety of samples. There is
also capacity for diagnosis of other vector borne diseases that, under certain
circumstances, could emerge in Serbia such as equine encephalomyelitises,
Japanese encephalitis, Dengue fever, Yellow fever and Zika virus.
By molecular methods, in 200 mosquito samples containing vector
species for RFV and USUTU, genomes of these viruses were not detected.
Similarly, CCHF and TBE viral genome were (not) detected in 20 tick
samples.
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DISCUSSION
Nowadays we are the witnesses of climate changes and its side
effects. Those changes basically include wetter winters and drier summers.
Over the last 100 years Europe has been warmed by 0.8 °C [22] leading to
reduction of overwintering mortality of vectors and consequently new areas
for the diseases occurrence. Changes are not uniform and are more evident
to the north and during the last decades.
In Serbia, for the last 30 years the temperature has been increased to
the level 4.54 °C/100 years [23]. However, this value is lower for the wider
period of time: for the last 100 years, it is 1.5 °C which is, anyhow, higher
than average in Europe. There are, also, in Serbia specific areas where
positive trend of temperature increment is more evident such as north of the
country, Loznica, Belgrade and Negotinska krajina regions.
Precipitation trend in Serbia has been negative since 1982, and
reaches maximum for the last 30 years. However, there are regions with
extreme negative trend (‒30% for the last 50 years), such as east of the
country and Negotinska krajina. On the contrary, in the Zlatibor area, Pester
and west of the country, precipitation trend is positive, 40% for the last 50
years. It has been observed that the periods with temperature positive trend
overlap with precipitation negative trend.
With new environmental conditions, many vectors expand their
ranges and new vector species may be introduced from the tropics. For
example, a major vector of RFV, Aedes albopictus, has spread to 22
northern provinces in Italy since being introduced [22]. Such scenario could
be predictable for dengue though the last occurrence in Europe was
recorded in Greece 1927/28.
Tick distributions are also closely linked with climate. While milder
winters will reduce tick and host mortality and extend the period when ticks
are active, drier summers will increase tick mortality. There is recent
evidence that the northwards movement of the tick Ixodes ricinus in
Sweden was related to the milder climate experienced in the 1990s [22].
Recent events in Serbia related to vector borne disease were West
Nile fever introduction in 2012 and Bluetongue disease outbreak in 2014,
while the diseases which are the subject of this paper have not been
confirmed so far.
Crimean-Congo haemorrhagic fever was reported in Kosovo in 2002,
when out of 12, 2 patients died. Due to very severe clinical symptoms and
along with the history of having been bitten by the ticks, it is assumed that
CCHF cases have not been misdiagnosed or undetected in Serbia [23].
Hylomma marginatim ticks, a species present in Serbia, have a great
capacity to support a wide range of temperature and humidity conditions [9,
24, 25]. Already inhabited with competent ticks, if the virus would be also
present, major conditions for the disease occurrence would have been
fulfilled in Serbia [27]. The very intensive trade between Balkan countries
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favors CCHV introduction in Serbia. Even legal trade does not prevent the
disease due to the lack of tick control on imported livestock. It is often seen
that on one animal up to 100 Hyalomma ticks can be found. Our results
support the hypothesis that CCHF is not common disease in Serbia, though
the bias, due to small number of samples, has to be taken into consideration.
Tick-borne encephalitis (TBE) is a human viral infectious disease but
approximately two-thirds of infections are asymptomatic. Ixodes ricinus,
feeding on the small rodents, transmit the virus to the humans. Ixodes spp.
is widely distributed in Serbia, mostly in woodland habitats. TBE is
common in Austria, Estonia, Latvia, the Czech Republic, Slovakia,
Germany, Hungary, Poland, Switzerland, Russia, Ukraine, Belarus, and
northern regions of the former Yugoslavia. It occurs at a lower frequency in
Bulgaria, Romania, Denmark, France, the Aland archipelago between
Sweden and Finland and the neighbouring Finnish coastline, as well as
along the coastline of Southern Sweden, from Uppsala to Karlshamn.
Serologic evidence for TBE infection, as well as sporadic cases, has been
reported from Albania, Greece, Northern Italy, Norway, and Turkey
[28]. Due to mostly asymptomatic manifestation and lack of surveillance
but widely distribution in the region, the disease possibly have been present
in Serbia for a longer period of time but undiagnosed. However, we did not
confirm the virus by molecular methods: for the more accurate TBE
assessment, more samples need to be tested for a wider region.
The first emergence of USUV was reported in Austria in 2001.
However, it has been shown that the visus had been present much earlier in
Tuskany: retrospective analysis of archived tissue samples from bird deaths
in 1996 confirmed USUTU virus [29].
After in Austria, the virus has been detected in several countries,
including Hungary, Italy, Spain and Switzerland. Serological evidence has
bead demonstrated the Czech Republic, England, Germany, Italy, Poland,
Spain and Switzerland. Though competent vector species in Serbia is
present, and despite earlier reported seroprevalence in humans at certain
level, our results were not confirmed the virus, at least in Belgrade region.
Rift Valley fever is transmitted by mosquitoes. So far, the only
occurrence out of Africa was in 2000‒2001 in Saudi Arabia and Yemen.
The most common form of the disease is a self-limiting, flu-like illness.
Sheep, goats and cattle are thought to be the primary amplifying hosts
among domesticated animals, although other species such as camels could
also be involved [16]. Aedes albopictus, vector of RFV, was first reported
in Europe in 1979 in Albania. Only just in 2001 it was detected in
Montenegro. In Serbia, monitoring of invasive and vector mosquitoes and
vector borne diseases started in 2009 confirming the A.albopictus [29].
Having the competent vector species in Serbia and with the potential
introduction of the virus in different routes, Rift Valley fever could be,
evidently, established in the country. As a major risk factor for the virus
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introduction, we recognized very intensive trade and traffic flows, across
Balkans to the east and south. Due to unspecific symptoms, the disease
could be unrecognized and/or misdiagnosed, surveillance system enabling
early detection and reaction should be developed. For this purpose, in the
case that diseases have not been present earlier as it is assumed for Serbia,
serology could be, also, applied. Our results, based only on mosquito
testing, support the previous assumption that the diseses was not present in
Serbia.
The presented work is our initial investigation of few viral vector
borne diseases presence in Serbia. Though our results did not confirm the
causal viral agents, we cannot exclude the possibility that the diseases have
been present in Serbia earlier. This is due to the small number of samples,
not representing the whole country. The samples, also, were collected only
during the summer 2015.
As a major risk factor for the diseases incursion in Serbia, we found
the intensive traffic and trade. The mitigating circumstance is that this risk
factor can be minimized by following strict procedures and quarantine
measures. Climate change is also an important risk factor which we cannot,
on short term, influence significantly but we can prevent its effects by
desinsection and deratisation.
For more accurate data on diseases distribution in Serbia, due to the
complexity of vector borne diseases, all professions, human doctors,
veterinarians, entomologists etc, need to be included in surveillance system
development which will serve for effective risk analysis and disease
management in the future.
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