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PREDICTING THE FUTURE ECOLOGICAL NICHE OF CULEX PIPIENS
AND ASSOCIATED BIORISKS IN ARMENIA

L. G.NIAZYAN *
“Nork™ Infection Clinical Hospital, Ministry of Health, Armenia

West Nile virus disease is an emerging infectious vector borne disease. Of
registered invasive species of mosquitoes in Armenia, Culex pipiens is the most
implicated one in the potential transmission of West Nile virus (WNV). In previous
years (1985-1999), research on circulation of mosquito-borne arboviruses in
Armenia was conducted by the research Institute of Epidemiology and WNV, Batai,
Sindbis, Tahyna and Gheta were found in mosquitoes. The only mosquito-borne
disease historically registered in Armenia was malaria, without autochtonous cases
since 2006. However, per retrospective medical chart review study (2016-2019) in
the Nork Infection Clinical Hospital, about 30% of febrile patients is diagnosed as
“Fever of Unknown Origin”. We hypothesize that these arboviruses are circulating
in Armenia and largely mis-diagnosed and/or under reported. Based on the
geographical locations of mosquitoes, the MaxEnt model with 19 bioclimatic
variables was developed to predict future ecological niche of C. pipiens and
potential high-risk areas for West Nile virus disease. It is the first step for the
implementation of a statistically rigorous system for real-time alert of biorisk.
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Introduction. Vector-borne diseases are a specific group of infections that
present an emerging threat as new, invasive mosquito species spread from tropical
areas to more temperate areas. Extensive trade has also increased the rate of
exchange for goods that can result in the introduction and establishment of non-
indiginous vector species. Historically, the only mosquito-borne disease registered
in Armenia was malaria, which was without autochtonous cases since 2006.
Mosquito-borne disease research on the circulation of arboviruses in Armenia was
last conducted from 1985-1999, and the results published in 2006. In 2016, ten new
species of mosquitoes, including Aedes albopictus were identified in Armenia for
the first time. These, however were not probed for arboviruses or other pathogenic
agents. Aedes albopictus (Asian tiger mosquito), an invasive species, which can
transmit dengue, West Nile virus, Chikungunya and other arboviruses of public
health significance have also been found in the Republic of Georgia, that borders
Armenia, and where there have been registered dengue cases.
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West Nile fever is now spread all over the world, including the Mediterranean,
causing high mortality. It is transmitted by the bites of Culex, a genus with species
widely spread in Armenia. Dirofilariasis is the disease caused by the Dirofilaria
worm and is present in the Black Sea region but has not been registered in Armenia
yet. Several types of mosquitoes in Armenia are capable of transmitting Dirofilaria
infection. During a 2003 to 2006 entomological investigation, West Nile Virus and
other arboviruses, such as Batai, Sindbis, Tahyna and Gheta viruses were isolated
from mosquitoes [1].

Geographical and climatic conditions of the territory of the Republic of
Armenia are favorable for arthropod vectors of infectious diseases. The climate is
highland continental with hot summers and cold winters. The territory is mostly
mountainous, with fast flowing rivers and few forests. Though Armenia is mainly
located in subtropical climatic zone, because of mountains in the small territory of
the country are distributed almost the all-climatic zones: mountain-steppe, mountain
forest, desert, semi-desert, alpine. The emergence of vector-borne diseases is related
to environmental factors and conditions.

While climate change may lead to the increase and spread of existing vector-
borne diseases, there are a number of infections whose importation may result in
epidemic transmission in Armenia due to the presence of potential vectors. The fast-
growing international travel and transport play an important role in the rapid spread
of reservoirs, vectors and pathogens of vector-borne diseases all over the world.
Armenia is a homeland for all Armenians residents of other countries in all over the
world and they visit Armenia very frequently. This can cause import of mosquitoes
and mosquito-borne infectious diseases and transmission in Armenia and also the
diseases and mosquito-species can be exported to the other countries.

The proposed study is exploratory and addressed a growing threat to public
health from the spread of vector-borne disease. Mosquitoes have high significance
as vectors of infectious diseases such as aboviruses and understanding their
prevalence and distribution together with the pathogens they might be currently
harboring, is of great public health interest. The potential for this study to advance
scientific knowledge is high. It is important to understand how vectors are distributed
along temporal and spatial scales and to tie this in with the implications of climate
change to predict the future trajectory of vectors and associated diseases.

As a result of this study, we have gained a better understanding of mosquito-
borne disease prevalence risks, distribution in Armenia. The hypothesis is that there
are disease agents circulating in mosquito vectors in Armenia, and that these
cause/have caused cases of human disease and are underdiagnosed. The results of
the retrospective medical chart review study (2016-2019) in the Nork Infection
Clinical Hospital, about 30% of febrile patients is diagnosed as “Fever of Unknown
Origin”. Our specific aims are designed to address our hypotheses by allowing us to
identify the species and distribution of mosquito vectors and predict their associated
pathogens.

The only mosquito-borne disease historically registered in Armenia was
malaria, without autochtonous cases since 2006 [2, 3]. During the VectorNet field
missions conducted in 2016 in Armenia, Aedes albopictus first time was found in
Bagratashen (bordering to Georgia) and their distribution is expanding. Aedes
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aegypti mosquitoes were found on the territory of Georgia, bordering to Armenia.
Aedes aegypti and Aedes albopictus are the two mosquitoes that can carry Dengue
and other arboviral vectors, such as Chikungunya and Zika virus. The first Dengue
case was registered in bordering Georgia [4]. Dengue is the most rapidly spreading
mosquito-borne disease, with a 30-fold increase in global incidence during the past
50 years, affecting more than 100 countries throughout tropical and subtropical regions
of the world. According to current estimations by Bhatt et al. there are 390 million
dengue infections per years, of which 96 million present clinical symptoms [5].

West Nile fever is recorded in tropical and temperate climatic zones until the
1990s was not a major threat to human health, but is now spread all over the world,
including the Mediterranean, causing flares, high mortality. It is a viral illness,
transmitted by the bites of Culex, the species widely spread in Armenia. Birds, also
people and other mammals infected. About 80% of infected people do not develop
any symptoms, 20% develop commonly occurring intoxication, only 1% of patients
suffer from nervous system, may occur with encephalitis, meningitis, poliomyelitis
and death [6, 7]. Among people, the prevention of West Nile fever is efficiently
carried out by means of ecological control in the areas where the virus is detected.

There were no cases of West Nile fever in the Republic of Armenia, but during
the 2003-2006 research carried out by the Institute of Epidemiology, Virology and
Medical Parasitology of the Ministry of Health of the Republic of Armenia, the virus
of the West Nile fever was also isolated from the mosquito samples. Other
arboviruses, such as Batai, Sindbis, Tahyna and Gheta viruses have been isolated
from the A. maculipennis, C. pipiens, A. caspius, and A. claviger mosquitoes [1].

Materials and Methods. Sampling of adult mosquitoes will be done using
tubes, aspirators and traps (mouth aspirators, EVS + CO; traps, Mosquitoes will be
collected across Armenia (10 Marzes and Yerevan) using classical entomological
methods. Sampling of adult mosquitoes will be done from indoors in animal shelters
(endophilic species) and outdoors (exophilic species). Sampling of adult mosquitoes
was done also using tubes and aspirators. Larvae were collected from water pools
using dippers and entomological nets. Microscopic identification method was used
for mosquito species identification. Mosquitoes were identified and sorted by species
by MosKeyTool, which is an interactive identification key for mosquito species
(female adults and 4th stage larvae) of the whole Euro-Mediterranean area and
comprehensively covers 7 genera and 128 mosquito species.

Based on the geographical locations of mosquitoes, the MaxEnt model with
19 bioclimatic variables from WorldClim (www.worldclim.org ) was developed to
predict future ecological niche of C. pipiens and potential high-risk areas for vector-
borne diseases. It is the first step for the implementation of a statistically rigorous
system for real-time alert of biorisk.

Results and Discussion.

The Current Composition of Mosquitoes in Armenia and the Proportion of
Species of Culex Genera. To clarify the species composition, patterns of vector
distribution in various landscape and climatic zones of the republic in modern
conditions and determine the role of mosquitoes in the transmission of malaria and
other vector-borne diseases, we have conducted entomological surveys and field
material collections in some Marzes of the Republic (Ararat, Armavir, Shirak,
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Tavush, Lori, Syunik). Of total 4.236 larvae collected from five Marz (2014), the
presence of all species (Anoppheles, Culex and Aedes) was observed, however,
prevalence of Aedes larvae in Shirak (46.1%), Lori (38.0%) and Tavush (26.5%)
Marzes was recorded, and Culex in Syunik (37.9%) and Ararat (42.1%),
respectively. Culiseta larvae were observed in Shirak (6.4%) and Ararat (1.1%),
Uranotaenia (5.8%) only in Shirak, respectively (Fig. 1).
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Fig. 1. Species composition of larvae according to surveys for 2014 (Shirak, Lori, Tavush, Syunik,
Ararat Marzes).

During the continued entomological investigations in the autumn of 2014, in
total 2.476 mosquitoes were identified (Fig. 1), including Anopheles (n=1195), Culex
(n=787), Aedes (n=494). According to the study results, the species composition of
non-malarial mosquitoes (Fig. 2) showed 5 species of genus Culex, of which
C. pipiens 45.1% (24.0-55.1%), C. theileri 28.7% (25.8-32.0%) and C. theileri
28.7% (25.8-32.0%), C. mimeticus 2.7% (1.4-6.7%) and C. hortensis 18.7% (10.5-
37.3%), respectively. Culex species were found in all marzas studied. Of all Culex
species, C. modestus was found only in three Marzes and was 4.8% (3.3-11.0%) in
total findings [8].
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Fig. 2. Species composition of Culex mosquitoes (imago) according to entomological surveys in 2014.
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Fig 3. Geographic location of C. pipiens on the territory of Armenia using the Model MaxEnt (2016—
2019).
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Fig. 5. Humidity impact of the prevalence of
C. pipiens.



186 PREDICTING THE FUTURE ECOLOGICAL NICHE OF CULEX PIPIENS ...

: \f
j D2 %

o
-

\_VJ& i

-;\%D%

Area Culex pipiens by analvsls ~\
of the Maxent model in the present time 4 Area Culex pipiens by analysis of the
e Maxent model by the prediction for 2050
7%, 7393sq.km s @?
» R \ Z 15863 sq. km.
- /4

= 50 100 Kiometers o L 50 100 Kiometers
T M A S

Fig. 6. Current niche of C. pipiens in Armenia  Fig. 7. The prognosed future niche of C. pipiens
(2016-2019). in Armenia (2050).

In April-November 2018-2019, in search of an invasive species of Ae. aegypti
mosquito, we continued entomological investigations with the support of the
NCDCP research team in the target regions. We have continuously monitored
populations of vectors to determine their species composition and range. Of collected
20074 larva complied in the same period, the C. pipiens was 8.191 (40.8%), An.
maculipennis 4110 (20.5%), Ae. caspius 2174 (10.8%), Cs. longiareolata 1178
(5.8%), and the rest in the overall collection was 22.1%, respectively. Culex pipiens,
which becomes active since May, is widespread in the country in all regions studied
(Fig. 3).

Figs. 4-5 show the impact of environmental conditions (temperature and
humidity) on the further spread of C. pipiens’ niche in Armenia, indicating the radius
of the range change.

Conclusion. The key factors posing the threat are the predicted climate
change, which, according to MaxEnt forecast, the niche of C. pipiens mosquitoes
will be doubled (15863 km?) by 2050, compared to the currently known niche of the
latter (Figs. 6, 7). C. pipiens associated biological hazards include West Nile Fever,
Japanese encephalitis, tularemia, lymphatic filariasis, meningitis.

So, along with the forecasted favorable ecological conditions for the future
expanded mosquitoes’ populations in terms of prevent the introduction of the virus
in areas where competent vectors are abundant, will be really challenging. Mild
febrile illnesses in travelers from endemic/epidemic areas are not easily detectable,
and special effort is needed in terms of “risk-based surveillance”. In the future
modelling dynamics of the infection including also other risk factors for the
introduction of the virus would be of further help (e.g., infected mosquitoes
transported by aircrafts or ground transportation, transovarial transmission, the level
of poverty, immune status of people, socio-economic and anthropogenic indicators
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that affect virus transmission processes in complex interactions) for risk assessment
and decision-making. Once a transmission cycle starts, it is very hard to face the
problem through “control measures”, including of mosquitoes’ population control.

This research is significant because WNV, Batai, Sindbis, Tahyna and Gheta
viruses had been previously isolated from the mosquitoes in Armenia, however no
human cases have been diagnosed. While climate change may lead to the increase
and spread of existing vector-borne diseases, there are a number of infections whose
importation may result in epidemic transmission in Armenia due to the presence of
potential vectors. The positive impact on public health is that based on the results
from this study, public health risks for mosquito-borne diseases were estimated and
recommendations made for preventive and proactive vector-control measures,
including introduction of a broad range of laboratory diagnostics means.
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duwubwynpuytia® C. pipiens Undwljotpp: Gwpunpn mwphbbphtt (1985-1999)
<wywumwbnid Undwjatinpny thnfjuwbtigynn wppughpniubitiph pppwiiunnipyui
Ytpwptipuy htnmwgnunipinibittiph wpyniipmyd hwymbwpbpdly o 4GS,
Batai, Sindbis, Tahyna U Gheta whunwdhtbtipp: Undwliutph dhengny
thnpuwiigynn dhwy hhjuinnipnitp, npp yundwlubinpk  gpubtgdl) b
<wyuwunwbinid, dwpuphwb £ wnwbg mtnuyhtt niyptiph 2006 je.-hg h Yhp:
Winiuitbwyhy, punm «Lnpp» hbodtghnt Jhohjuluwd hhjuwinuingnid
Juuuwpyud  htnmwhwyjug  nunidbwuppnipyutt - (2016-2019),  wbbnny
hhqubtnbtiph Unnmuynpuuytiu 30%-h dinn Yhppbwljub wpomnpnynidttipnid
pynid L «wbhuynm  dSwgquwlh wbkiny: Utbp Ghpwnpnid thp, np wyu
wppuhpniutttpp pppwiwnynid - G <uguwunwiinid L yunpwb  skb
hwymbwpbpynd hhdtwluind pipwhnnpnydub L (Gud) piphwunnpniwb
winrynLipnid: Undwljiitiph wiyhuuphwgpujut mwupuwdywonipyubt hhdwb ypu'
MaxEnt dpugnpuyht thwphpkh Jhpundudp' 19 jhtuwlhduwywljui thnthnpuw-
Jubbbpny, Wuwlyl L dnnlk C. Pipiens dndwlitph wuywqu Eynnghwljub
nwpwdwgnuhl b gpu httm juyduws BuS-h hwjwibwuidl pupap phuljuyht
wwpwopltipp  Juijiwnmbubine hwdwp: 9w ppuub  dwdwbwyh gy
ythuwpwbwluwd  phujh whwqubqiwb  Yhbwjugpnptih  hwjwunh
hudwupgh thpppiwb wnwghtt puyn k:

JI. T. HUA3SH

[IPOrHO3 BYJAYVIIEN SKOJOTrMYECKOM HMILIM KOMAPA
OBBIKHOBEHHOI'O 1 CBA3AHHBIX BMOPUCKOB B APMEHUN

Jluxopanka 3amagaoro Huna (JI3H) siBnsteTcst 0co60 ormacHBIM HH(PEKITHOH-
HBIM TPaHCMHCCUBHBIM 3a0osieBaHreM. OCHOBHBIM IepeHocunkoM Bupyca JI3H
BsAIOTCS Komapsl poma Culex, B wactaoctn, Bux Culex pipiens. B mpemsimyimnune
roael (1985-1999) B ApMeHHWH TPOBOIWINCH HCCICNOBAHUSA IO ITUPKYIISIIHH
apOOBHPYCOB, NeEpEeNaloIUXCcs KOMapaMH, II0 pe3yJbTaTaM KOTOPBIX ObLIH
obonapyxenbl Bupycol JI3H, Batai, Sindbis, Tahyna u Gheta. ExuHcTBeHHBIM
3a00JIeBaHMEM, TIEPENAIONIMMCS KOMapaMy, UCTOPUYECKH 3apErUCTPHUPOBAHHBIM B
Apmenud, Obuta Massipus 6e3 perucTpaliy ayTOXTOHHBIX cirydaes ¢ 2006 roga. Tem
HE MeEHee, COIIaCHO peTpOCHeKTHBHOMY uccienoBanuio (2016-2019 rr.),
NpOBeZICHHOMY B WH(EKIMOHHOW KinHW4Yeckol Oompaune “Hopk”, y ~30%
MAIMEHTOB C JINXOPAIKOH OKOHYATEIHHO JUATHOCTUPYETCS “TUXOpaaKa HESICHOU
stroniorun”’. Mel ipeamnonaraem, 4To 3Td apOOBUPYCHI LUPKYIUPYIOT B APMEHHUH U
B 3HAUYMUTEJIIFHOW CTENEHH HE BBIIBISIOTCS HAaA30PHOM CHCTEMOM BCIICACTBHUE
OTCYTCTBHSI OONIMPHOTO JMArHOCTUYECKOTO apceHala W aKTHBHOTO HaJ3opa.
OCHOBBIBasICh Ha HM3BECTHOM reorpa)uyeckoil pacnpoCTpaHEHHOCTH KOMAapoB, C
MpuMeHeHHueM TmporpamMmbel  MaxEnt Ha ocHoBe 19 OHOKIMMATHYECKHUX
MEepeMEeHHBIX, Oblla pa3paboTaHa MoOJENIb IO MPOTHO3HPOBAHHUIO OyaylIei
sKkojorudeckoi Huimu C. PIPIeNs u ompeieneHuo MOTCHIMAIbHO BBICOKHX 30H
pucka g JI3H. OTo mepBeli IIar K BHEAPEHUIO CTATHCTUYECKH JOCTOBEPHOMN
CHCTEMBI OIOBEIEHHUS 0 ONOPUCKE B PEKUME PEAIbHOTO BPEMEHH.



