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SUMMARY

Vectors and vector-borne diseases are fascinating systems to study in
addition to their importance to human and animal health, a single environmental
factor may have opposite impact on the system at different points in time.
Interdisciplinary collaboration is essential for proper survey and it’s requires
awareness of the differences between disciplines and the ability to effectively
communicate with each other. It is only by forming multi-disciplinary groups to
focus on specific vector-host-pathogen systems we will be able to answer the
most pressing problems.

During season 2019 interdisciplinary collaborative “Programme for WNV
detection in Montenegro” has been launched based on One Health Concept. This
approach is essential for studying such systems: ‘a worldwide strategy for
expanding interdisciplinary collaborations and communications in all aspects of
healthcare for humans, animals and the environment’. At paper we present first
year preliminary results of collaboration.
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INTRODUCTION

In a sense, vectors and vector-borne disease epidemics are like hurricanes,
or tornadoes: they occur sporadically and their precise time and location are not
possible to predict. Above that they are quickly forgotten and neglected. One of
the major reasons vector-borne diseases are so difficult to predict is the complex
interaction of multiple organisms—vector, vertebrate host, pathogen—in space
and time (Moore, 2008). Also, it is not possible to present the precise cost-benefit
analysis on investing in vector and vector-borne disease surveillance and control.
It is much easier to do it for the agricultural pests, (measuring the pest control
effects on the crops yield), than to estimate the value of the human life lost.
Montenegro as a candidate to become the Member State of EU has imperative to
harmonize and to apply regulations in the domain of public health and
environmental protection with EU legislative, including legislative and actions
related to the mosquitoes and vectors at all.
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Beside some vector-borne diseases like Bluetongue Disease and some
explosive epidemics like Lumpy Skin Diseases and African Swine Fever on
animals; particular and permanent interest in public health in Montenegro are on
Dengue (DENV), Chikungunya (CHIKV), West Nile Virus (WNV) and
Leishmania; not just in Montenegro but also in other Southeast Europe countries.

West Nile Virus (WNV) (Encephalitis Nili occidentalis) infection is a
zoonosis generally transmitted through the bites of infected mosquitoes, mainly
of the Culex genus (rarely transmission occurs through blood transfusion or
organ transplantations). WNV is an enveloped RNA virus belonging to the
Japanese encephalitis virus sero-complex (Flavivirus genus, Flaviviridae family)
(Petersen, 2013); as well as a “member” of diverse group: Arboviruses - viruses
that transmit hematophagic arthropods i.e. Yellow Fever Virus, Dengue Virus,
Saint Louis Encephalitis Virus, Japanese Encephalitis Virus,... Today WNV is
most widespread arbovirus in the World (Figure 1).

Figure 1: Global distribution of West Nile virus, 2006 (Reisen, 2013).

Virus was discovered before 11 World War in Uganda. From that time till
late 90’s sporadic cases were detected over the World (similar happened with
Zika virus). After several decades without any reported cases in Europe, the virus
re-emerged in Romania in 1996 resulting in a major outbreak with 393 confirmed
cases including 17 deaths (Ceianu et al., 2001). WNV is maintained in an
enzootic cycle, where mosquitoes serve as vectors and birds are the main
amplifying hosts (Petersen, 2013). The transmission cycle is linked to the vector
activity period from April to November (Barrett, 2018). Humans and other
mammals, such as equids, are considered dead-end hosts (Bowen & Nemeth,
2007). It is certain that WNV is not transmitted to humans through contact, nor
from infected birds without mosquito bites.

Most humans infected with WNV remain asymptomatic, however about
20% develop flu-like symptoms and less than 1% develop severe symptoms such
as encephalitis, meningo-encephalitis or meningitis (Kramer et al., 2007). Flu-
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like symptoms are usually misdiagnosed like “summer flu”; no matter that there
is no flu during the summer. Anyway, important fact for virus detection is that
infection develops immunity in human’s body. Elderly, over 50 years, mainly
male and immuno-compromised persons are at particular risk of severe
symptoms (Lim et al., 2011): strong headache, high temperature, neck stiffness,
high sensitivity on light, confusion, loss of consciousness, paralysis, coma and
death. These symptoms occur in 1 out of 150 infected patients, last for several
weeks and lead to irreversible neurological damage. The mortality rate in patients
with severe clinical symptoms is 3-15%.

Surveillance of human WNV infections can be done effectively just
through surveillance of mosquitoes. Overall surveillance needs to be
complemented by surveillance of equids, birds and dead birds, as well with
prevention of human-to-human transmission via donation of contaminated
substances of human origin. Based on surveillance results synchronized alert to
physicians, public health professionals and the public about ongoing virus
circulation is important as additional activity.

Human cases reported in
- 2019

Human cases reported in
2018

Human cases reported
during 2011-2017

No reported cases
Not included

’}A‘. !() y &

ECDC. Map produced on: 15 Nov 2019

Figure 2: West Nile Virus mfectlons by affected areas, in the EU/EEA Member
States and EU neighboring countries 2011-2016.; 2017. and 2018 transmission
season. Source: https://www.ecdc.europa.eu

During season 2019 special “Programme for WNV detection in
Montenegro” has been launched. Beside fact that Montenegro need to apply EU
regulations in the domain, five detected human cases of WNV were reported in
Montenegro. Data considering countries affected with WNV in Europe (Figure 2)
were important for launching the program; particularly during 2018 when
epidemics reached significant number of human cases (Table 1). According
ECDC data 30 countries reported human cases of WNV (period 2011-2019) in
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EU and EU neighboring countries. In four of them for the whole period human
cases were reported; Italy (980; 16.58% reported cases from the total), Romania
(606; 10.25%), Israel (577; 9.76%) and Hungary (396; 6.70%). Additional
problem is that virus is circulating in all countries in East Mediterranean from
Italy on north to the Egypt on south, except Lebanon (no data due to the lack of
surveillance) and in Balkan without any exception. From all 30 countries and
from total 5.912 cases most of them were reported in Serbia (1.007 or 17.03%).
Montenegro reported 1 case in 2012 and 4 cases in 2013; or 0.08% of all reported
cases in Europe and Mediterranean basin (Table 1).

2010 | 2011 2012 2013 2014 2015 2016 2017 2018 2019 |Cases/country |% of total
1]Albania 2 2 0.03
2|Austria + 1 7 5 5 20 4 42 0.71
3|Bosnia&Herzegovina 3 13 16 0.27
4|Bulgaria 2 2 2 1 15 5 27 0.46
5|Croatia 5 16 1 5 53 80 1.35
6/Cyprus 1 1 16 18 0.30
7|Czech Republic 1 5 6 0.10
8|France 1 1 27 2 31 0.52
9|Germany 4 4 0.07
10|Greece + 100 161 86 15 48 311 223 944 15.97
11|Hungary + 3 17 31 11 18 44 21 215 36 396 6.70
12]Italy + 14 50 69 24 61 76 57 576 53 980 16.58
13|Kosovo 4 14 18 0.30
14]Montenegro 1 4 5 0.08
15|North Macedonia 4 6 1 6 17 0.29
16| Portugal 1 1 0.02
17|Romania + 11 14 24 23 32 93 66 277 66 606 10.25
18| Russia + 153 447 177 29 39 135 980 16.58
19|Serbia 69 302 76 28 41 49 415 27 1007 17.03
20|Slovakia 1 1 0.02
21)Slovenia 1 3 4 0.07
22|Spain 3 3 0.05
23| Turkey + 3 2 7 23 9 44 0.74
24{ Ukraine 8 12 1 1 22 0.37
25|Israel + 39 83 63 17 125 84 28 128 10 577 9.76
26| Palestine 2 1 1 4 0.07
27|Tunisia 3 63 6 1 73 1.23
28|Algeria 1 1 0.02
29|Siria 2 2 0.03
30| Egypt 1 1 0.02
Total 340 937 785 210 315 492 288 2083 | 462 5912

Table 1: Reported human cases of WNV in the EU/EEA Member States and EU
neighboring countries 2010-2019. Source: https://www.ecdc.europa.eu

The “Programme for WNV detection in Montenegro” partly relies on
results of HERIC/LOVCEN project where survey of citizen opinion on different
aspects of vectors (VECs) and vector-borne diseases (VBDs) in Montenegro
were conducted. During survey 1.643 citizens from all municipalities were
interviewed providing a valuable indication on how to proceed and make the
result of LOVCEN sustainable. The analysis of answers provided the three
reasons for the establishment of Programme: a) 97 % of citizens are supporting
VEC and VBD surveillance; b) 95% are supporting independent evaluation of
mosquito control; and c) 59% are willing to personally support programme of
surveillance of VEC and VBD and independent quality control of mosquito
treatments (Salasan et al., 2015).
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MATERIAL AND METHODS

Methods for mosquitoes trapping are specialized as much as possible.
Common mosquito trapping methods are (1) “oviposition traps”; using ovitraps
we can determine the presence of a species and approximately calculate their
abundance. For purpose of Culex sp. and WNV surveillance they are not useful
(Figure 3a). (2) BG Sentinel (Figure 3b) are traps with attractants for particular
mosquito species. They are more used for Aedes species trapping and are not
suitable for Culex sp. mosquitoes’ mass-trapping. (3) CDC traps (Figure 4a) have
CO,/dry ice as an attraction for mosquitoes. This type of trap is excellent for
catching large number of females present in the area. However for us CDC traps
were not suitable due to the fact that in Montenegro procurement of dry ice is not
reliable, cost per kilo is high and procurement procedure is quite complicate. (4)
“Resting” traps, the least developed mosquito trapping system. This type of trap
has the greatest potential for trapping mosquitoes, but unfortunately, it is not
fully technically developed, so it is the least used (Figure 4b). For “Programme
for WNV detection in Montenegro” we used Gravid traps in surveillance of
Culex sp. mosquitoes (Figure 5).

Figure 4: a: CDC trap; b: Resting trap
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One of the main goals of the Program is to detect the presence of WNV
in mosquitoes. WNV is present in mosquito females after taking a “blood meal”
on infected host, not before. For this reason, the name of the trap comes from
"pregnant" females: gravid in terms of pregnancy, not gravity. This fact is
advantage of Gravid traps compared with all previously mentioned trapping
systems (Miller et al., 2015). Usually used CDC traps capture large number of
present mosquitoes due to CO, emissions, especially females that have not taken
blood (not infected jet) looking for hosts based on increased emissions and
concentrations of CO, (Petrovic et al., 2018). Gravid traps, on opposite, capture
far fewer mosquitoes, mainly "pregnant” females after taking a “blood meal” (or
after been infected) looking for a suitable place to lay eggs. Gravid traps capture
few males and other non-Culex species. Attraction of Gravid traps is actually
convenient place for laying eggs. Culex females lay eggs standing on the surface
of the water. The females are attracted by water and after landing on the surface
they are sucked into the trap. In summary this capturing system for the purposes
of determining WNV is the most convenient, considering all negative and
positives sides.

Figure 5: Gravid traps

RESULTS AND DISCUSSION

Natural reservoirs for WNV are birds; mosquitoes are natural vectors from
infected birds to “dead-end hosts” - mammals (particularly humans and equids).
General meaning of the term “natural vector” is transmitter of infectious human
or/and animal diseases; on the way that the causative agent does not affect the
vector itself. Vector serves only to transmit causative agent from the infected to a
healthy host organism.

In rare occasions it has been noted that infection can be transmitted
through transfusion of infected blood, transplantation of organs and from mother
to child transplacental or during lactation. It is not clear can virus be transmitted
to carnivorous animals by eating the meat of infected animals. Although WNV is
not isolated from any other vector even that in theory they can become vectors of
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the virus, especially ticks. Beside these WNV is transmitted to humans by the
bite of an infected mosquito, practically exclusively.

Up to now virus has been isolated from 60 mosquito species, mostly from
the genus Culex. During the first season of surveillance at the territory of
Montenegro we find several WNV vector species.

Invasive species Aedes albopictus, even highly anthropophilic, can
transmit WNV. Species is present all over South and Central part of the State
(Pajovic et al., 2013). It is interesting that this invasive species appear every year
in North Region (Pluzine, Savnik, Bijelo Polje, Andrijevica) but can not
overwinter there due to the climatic characteristics. Essential for Aedes
albopicitus control is to have permanent survey above this species not only
concerning WNV, than other mosquito borne diseases (Petric et al., 2018). The
study of the geographical distribution of invasive species can also provide
valuable information about their invasiveness (Sherpa et al., 2019).

Less important for WNV, but still possible vectors of virus, are Anopheles
mosquitoes. They, so called “malaria mosquitoes”, are present in: Herceg Novi,
Kotor, Tivat, Budva, Bar, Ulcinj, Cetinje, Podgorica, Tuzi, Danilovgrad, Zabljak,
Savnik, Bijelo Polje, Berane and Gusinje. Never detected in Montenegro, but
worth to mention as possible vectors for WNV, are Mimomyia mosquitoes.

In 80% of cases WNV has been transmitted by: Culex pipiens “house
mosquito”, species present all over Montenegro. During last several years species
has been found in Kotor, Tivat, Budva, Bar, Ulcinj, Cetinje, Podgorica, Tuzi,
Danilovgrad, Zabljak, Savnik, PluZine, Pljevlja, Mojkovac, Kolain, Bijelo Polje,
Berane Andrijevica, Plav, Gusinje, and RoZaje. Culex modestus is present in
Southern and Central part of the State. And Coquillettidia richiardi is present at
Budva, Ulcinj, Cetinje, Podgorica and Danilovgrad municipalities.

All mentioned species are living in anthropogenic environment suitable for
their reproduction cycle (stagnant water). For transmission of virus to next season
it is important to note that: once infected mosquitoes transmit the pathogen for
the rest of their lives; transovarial transmission of WNYV is noted in some Culex
species (John et al., 2012) and WNV was detected in overwintering mosquitoes
in Europe (Rudolf et al., 2017). For survey crucial information is that Cx. pipiens,
Cx. modestus, Cog. richiardi + Ae. albopictus are detected in our country. Most
dangerous Cx. pipiens is spread throughout whole Country in urban and semi-
urban places, as native species.

In accordance with 1) data we have from the last 5 years about mosquito
abundance and geographical distribution; 2) recorded cases of WNV in humans
and 3) the total population of Montenegro (the possibility of transmission of the
virus on a larger scale), we selected the sites where monitoring was carried out.
Of great importance is the anthropophilicity of these species but also their ability
to take "blood meals" not only from humans but also from animals, fact of high
importance in the virus-vector-host (human) chain.

Considering Aedes albopictus, it’s important to emphasize possibility for
transmission over long distances and in regions where it is not an indigenous
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species, by human’s activity primarily by all forms of traffic. This is important
for decision to catch mosquitoes in Pluzine, town where we have recorded
species entries but without overwintering. As such, species is introduced (by
passing vehicles / passengers / tourists) every year, but there is no possibility for
overwintering (for now) in the given climatic conditions. Then again, during
following season, species will be brought into the same living space. It is similar
to Berane municipality in which additionally we have a confirmed “malarial
mosquito” records.

Based on all data we consider Montenegro as lower risk territory for
possible WNV transmission on a larger scale. During the 2019 season, adult
capture was performed seven times; collection in May was absent due to heavy
rains. Trapping of mosquitoes has been performed in: Podgorica (mid June);
Berane (mid-July); Podgorica (late July and early August); PluZine (early
September); Ulcinj (late September) and two times at end of the season in
Podgorica (early and mid-October).

Table 02.: Captured adult mosquitoes during season 2019.

City Date Culex sp. @ Ae. albopictus
Podgorica 17-18" June 255 0
Berane 15-16" July 228 0
Podgorica 29-30" July 102 44
PluZine 09-10™ September 17 0
Ulcinj 23-24" September 49 5
Podgorica 07-08™ October 51 34
Podgorica 14-15" October 38 11
Total: 740 94

Trapping was performed in period of the season with highest abundance
and activity of mosquitoes / highest possibility for WNV transmission; June-
October. Reiter-Cummings gravid traps were placed in semi-urban and urban
previously selected localities in the indicated cities during the morning and were
left to operate in average next 22-24 hours. After that time mosquitoes were
collected, put on dry ice in the field and maintained under cold conditions
throughout the testing process. They were brought to the Diagnostic Veterinary
Laboratory or Laboratory for Applied Zoology of the Biotechnical Faculty where
the mosquitoes were identified to the species level, counted and pooled according
to date, location, and species. After determination mosquitoes were left in deep
freezer until further analysis. The idea was, in case of WNV detection at a
specific locality, to repeat trapping with all functional traps.

In total 740 Culex pipiens females were delivered to a Diagnostic
Veterinary Laboratory, including a pair of Cx. modestus. There were no
individuals of Coquillettidia richiardi. Table 02 also shows the number of
captured Aedes albopictus specimens. Presented number is high considering that
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these traps are not specialized in capturing particular species. Most likely females
of the species were attracted by water as an attractant because the summer was
dry and other common places where they lay eggs were not functional.

CONCLUSIONS

Mosquito vectors and mosquito-borne diseases are raising threat to
Europe, which impact strength is difficult to predict. The main infection sources
are dependent on vector and environmental factors; hence the best choice for
prevention and control of diseases is surveillance and control of mosquito
vectors. WNV main vectors in South-East Europe are Culex pipiens, Culex
modestus and Coquillettidia richiardi, all native in Montenegro. Including
invasive species Aedes albopictus.

During season 2019 interdisciplinary collaborative “Programme for WNV
detection in Montenegro” has been launched based on One Health Concept.
Important for launching the program was complex epidemiological situation in
South-East Europe. One of the reasons for such situation is mosquito abundance.
Season 2018 has been very favorable for mosquitoes development; the dry period
started with high temperatures unusually early in May (as opposed to 2019),
extended into deep autumn and exceeded the total number of cases in all
previous years (between 2010 and 2017) (Haussig et al., 2018). Important reason
is that at least eight phylogenetic lineages of virus have been described (Fall et
al., 2017), but only lineage 1 and 2 are associated with disease in humans
(Petersen, 2013). In Europe, prior to the emergence of a lineage 2 in Hungary in
2004, sporadic cases and occasional outbreaks in animals and humans were due
to lineage 1. Since 2008, the WNV lineage 2 has spread over central Europe and
the eastern Mediterranean region (Chaskopoulou et al., 2016; Rizzo et al., 2016),
including possibly Montenegro.

As obvious, importance to human and animal health of mosquito (vector) —
mosquito borne diseases (MBD) interaction can be answered only through
interdisciplinary collaboration. This approach is essential for studying such
systems, but this requires awareness of the differences between disciplines and
the ability to effectively communicate with each other (Moore, 2008).
Interdisciplinary approach is consistent with the One Health concept, defined by
the One Health Initiative (http://www.onehealthinitiative.com) as ‘a worldwide
strategy for expanding interdisciplinary collaborations and communications in all
aspects of healthcare for humans, animals and the environment’ (Jourdain et al.,
2019).

There is no WNV vaccine, so the most effective way to control the disease
is survey, monitoring and control of vectors. Personal protection measures are
more than useful in mosquito bites prevention: usage of repellents; installation
and usage of safety nets on windows and doors; drainage of all unnecessary
stagnant water; removal of all unnecessary items that can hold water from the
garden; regular cleaning of gutters and other water collection and drainage
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channels; twice a week replacement of water from the vessels in which it is kept;
covering vessels for technical water storage...

We described the epidemiology of WNV infections in the EU and EU
Enlargement countries, presence of vector species in Montenegro and results of
surveillance in first year which will help for better understand the geographical
extension of vectors and support Country to prepare for possible future WNV
outbreaks.
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