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ABSTRACT
Mosquitoes are a group of blood-sucking insects that 
plays a major role in disease transmission in both 
humans and animals. They can pose a heavy nuisance, 
or serve as vectors of numerous viruses and parasites 
on most continents, including Europe. The strategy for 
successful control of the mosquito populations relies 
on the use of insecticides of five different categories: 
organochlorines, organophosphates, carbamates, 
pyrethroids, and biopesticides. The extensive use of 
the first four classes has resulted in the development 
of resistance originating in various mechanisms. 
The main ones are metabolic resistance and genetic 
resistance, manifested by point mutations in the 
insecticide targets, resulting in limited binding of 
neurotoxic substances. Much data is available on 
mosquito insecticide resistance in Bulgaria between 
1948 and 1990, but only regarding organochlorines, 
organophosphates and carbamates. There is no 

data on pyrethroid resistance, which should raise an 
alarm for both public health authorities and private 
pest control companies since the only insecticides 
registered for professional mosquito control 
nowadays are pyrethroids. Therefore, there is an 
urgent need for the use of modern multidisciplinary 
approaches to study the resistance of native and 
invasive species of mosquitoes to insecticides, which 
should be a key contribution to elucidating their 
role in the circulation of pathogens of humans and 
animals and optimizing methods for controlling their 
populations.

INTRODUCTION
Control over infectious diseases is of paramount 
importance for the global economy and public 
health. Much of the world's recent pandemics have 
originated from wildlife zoonoses, and about a 
quarter of the pathogen invasions during the past 
century have been transmitted by blood-sucking 
insects acting as vectors and aiding in spreading the 
disease-causing agents (1).
During the latter part of the 20th century, the role 
of mosquitoes as vectors of diseases of public health 
concern was generally considered to be limited 
to the tropics. The disappearance and eradication 
of dengue and malaria in Europe by the 1950s 
saw a European landscape with minimal or no 
mosquito-borne disease. However, at the start of 
the 21st century, the picture is different. A world 
increasingly connected through travel, trade and 
tourism means that Europe will encounter regular 
transmission of mosquito-borne diseases, a trend 
confirmed by advances in pathogen detection. West 
Nile virus is now known to be transmitted to humans 
by native mosquitoes in several European and 
neighbouring countries each year. In recent years, 
Europe has witnessed the return of malaria, the 
emergence of the Usutu virus, as well as the ongoing 
transmission of the Sindbis virus, all transmitted by 
native European mosquitoes (2), not to mention the 
risks posed by the introduction and establishment of 
invasive mosquitoes and the associated outbreaks of 
Zika, chikungunya and dengue viruses. The changes 
in mosquito-borne disease epidemiology in Europe 
over recent years cannot be ignored, and risks to 
public health cannot be understated (3).
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Successful control of mosquitoes is essential to 
prevent the spread and outbreaks of mosquito-borne 
diseases. This strategy relies mainly on the use 
of insecticides, both larvicides and adulticides 
in the case of mosquitoes. So far, five categories 
of insecticides have been recommended by the 
World Health Organisation (WHO) for use against 
adult mosquitoes in public health programmes 
(4). A recent global survey collecting data from 87 
countries and analysing the use of vector control 
insecticides in spraying operations between 
2010 and 2019 showed that organochlorines, 
organophosphates, carbamates, and pyrethroids 
are the most used classes of insecticides worldwide 
(5). Among them, pyrethroids are the most widely 
used, although recently disease control programmes 
have significantly reduced their dependence on 
pyrethroids due to the emergence of resistance (4).
Pyrethroids offer several advantages over other 
classes of insecticides in terms of cost, human 
safety (low mammalian toxicity) and duration of 
residual action. They are widely used in agriculture 
and as household biocidal products. The frequent 
use of pyrethroids for impregnation of bednets 
and long-term use of some other classes, such 
as organochlorine (e.g. dichlorodiphenyltrichlo-
roethane (DDT)) and organophosphate compounds, 
has probably contributed to the development of 
pyrethroid resistance among malaria vectors around 
the world and especially among African species. Since 
2010, resistance to at least one class of insecticides 
has been reported in at least one type of malaria 
vector in 60 out of 96 malaria-endemic countries, 
and 49 countries have reported resistance to at 
least two classes of insecticides (6). Unfortunately, 
resistance to pyrethroids is increasingly observed in 
many mosquito species, which makes it difficult to 
control the vectors (7, 8).
Various mechanisms of insecticidal resistance 
have been observed in mosquitoes. The main ones 
are metabolic resistance, which is determined 
by three large enzyme families (glutathione 
S-transferases, multifunctional monooxygenases and 
carboxylesterases) and genetic resistance, manifested 
by point mutations in the insecticide targets, resulting 
in limited binding of neurotoxic substances. Several 
such target sites have been described: the Rd1 gene 

encoding gamma-aminobutyric acid receptors, the 
ace-1 gene encoding acetylcholinesterase (9), and 
the kdr gene encoding potential-dependent sodium 
channels (10). The main mechanism of resistance to 
DDT and pyrethroids in mosquitoes is the so-called 
knockdown resistance, which is manifested by a 
decrease in the sensitivity of the receptors for these 
substances in the potential-dependent sodium 
channels of nerve axons. This results from point 
mutations in the kdr gene (10, 11).

THE MOSQUITOES IN BULGARIA
The blood-sucking mosquitoes (Diptera: Culicidae) 
are arguably the most well-studied group of 
blood-sucking insects in Bulgaria. The earliest data 
on species composition date back to the early 
20th century in relation to malaria transmitted 
by them  (12). Until the eradication of malaria in 
the country in 1965 (13), the prevailing part of the 
research was mainly related to malaria mosquitoes. 
In the coming decades, more and more attention has 
been paid to non-malarial mosquito species, and an 
increasing number of publications became purely 
faunistic (12). As a result, 39 species have been 
registered in the country by 1990 (14). Due to changes 
in taxonomy in recent years (15) and the finding of 
the invasive Asian tiger mosquito Aedes albopictus in 
Bulgaria (16), their number is somewhere between 
47 (17) and 52 (18).
So far, all studies on the biodiversity of blood-sucking 
mosquitoes in Bulgaria have been based only on 
morphological methods of identification (12). This 
creates difficulties and raises a number of unresolved 
questions about the species composition of malarial 
mosquitoes from the Anopheles maculipennis s. l. 
complex, as well as non-malarial mosquitoes from the 
Culex pipiens s. l. complex. The potential significance 
of these species as carriers of malaria and West Nile 
fever, respectively, requires the conduct of studies 
using modern genetic methods.

THE USE OF CHEMICAL INSECTICIDES FOR 
MOSQUITO CONTROL IN BULGARIA
As of 1948, Bulgaria began employing the use 
of the powerful organochlorine insecticide DDT 
against endemic malaria at that time (16). At the 
very beginning of its use, the studies focused on 
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determining its effectiveness against pest insects and 
especially against malaria mosquitoes. In the first year 
following DDT application, significant results were 
observed (19). The discovery of insecticide-resistant 
mosquitoes in several European countries later 
in the 1950s directed the research to determine 
whether it has developed in Bulgaria. Numerous 
studies were conducted in different regions of the 
country - Ruse district (20, 21, 23), Varna district 
(22, 23), Burgas, Yambol, Plovdiv and Sofia districts 
(23, 24) on An. maculipennis and An. sacharovi, the 
two main vectors of malaria. During the experiments 
with DDT, hexachlorane, and dieldrin (all of them 
organochlorine insecticides) in field and laboratory 
conditions, the occurrence of physiological resistance 
in the studied species was not detected. An increase 
in tolerance to these insecticides was reported in 
overwintering mosquitoes at the beginning of the 
malaria season and in those entering diapause at 
the end of the season. An. sacharovi, considered a 
more dangerous vector along the Black Sea coast, 
was identified as slightly more sensitive than An. 
maculipennis (23).
Since 1965, Bulgaria has been officially declared a 
malaria-free country by the WHO (13). Since then, the 
attention of zoologists and physicians in the country 
has shifted from the study of mainly anopheline 
mosquitoes to the control of all blood-sucking 
mosquitoes.
According to WHO requirements, since 1961, no DDT 
or other insecticide has been used in the country to 
control malaria mosquitoes. However, because it has 
been applied for more than ten years, new studies 
began in 1963 on the occurrence of resistance to 
adulticides in malaria vectors. Between 1963 and 
1965, 70 experiments with 8650 An. maculipennis 
mosquitoes were conducted in 23 settlements from 
Sofia, Pleven, Plovdiv, Pazardzhik, Stara Zagora, 
Silistra, Sliven, Ruse, Haskovo and Yambol districts. 
Employing standard WHO bioassay methods, a certain 
decrease in sensitivity to DDT has been detected, 
but no data regarding resistance was found (25). 
Between 1963 and 1975, longer experiments on the 
same species were conducted in the Varna district, 
and the occurrence of resistance to organochlorine 
insecticides (DDT and dieldrin) and tolerance to 
carbamates was detected. A high sensitivity of 

the species was reported to organophosphate 
formulations (26). A little later, resistance to DDT was 
established in the Silistra region, and to dieldrin in 
settlements in Pleven, Burgas, Vidin, Haskovo and 
Silistra districts (27, 28).
More attention at this time was paid to the use of 
larvicides. Between 1965 and 1967, field experiments 
with organophosphate larvicides (diazinon and 
dichlorvos) were conducted for the first time in 
places along the southern half of the Black Sea coast 
and near the city of Sofia. They involved Cx. pipiens, 
Ae. caspius and An. maculipennis and identified a 
stronger insecticidal effect than the control with DDT 
and lindane (29). In 1966 and 1967, experiments with 
DDT, lindane and dieldrin conducted in six districts of 
the country (Sofia, Varna, Dobrich, Burgas, Pazardzhik 
and Blagoevgrad) did not identify any resistance in 
larvae of An. maculipennis, Ae. caspius, Cx. pipiens, 
Cx. theileri and Cx. hortensis (30).
In 1967 and 1968, field experiments employing both 
organochlorine and organophosphate larvicides were 
performed on larvae and adults of Cx. pipiens and 
An. maculipennis in Sofia and Plovdiv. In both cases, 
resistance was not detected, but larvicidal treatments 
were found to be more effective than adulticidal 
ones (31, 32). No resistance to diazinon in larvae of 
Cx. pipiens, Cx. modestus and An. maculipennis was 
observed in biotopes near the Danube River in the 
Pleven region (33).
A comparison between the efficacy of chemical and 
biological means to control Ae. caspius larvae in rice 
fields was made for the first time in 1970 near Plovdiv. 
Several organophosphates (diazinon, fenitrothion, 
temephos and tetrachlorvinphos) were compared 
to Eastern mosquitofish (Gambusia holbrooki) and 
European carp (Cyprinus carpio). In comparison to 
chemical insecticides, fish species showed better and 
longer-lasting effects in keeping mosquito larvae in 
low densities (34).
Between 1968 and 1972, numerous experiments 
were performed in the Pleven district on adults 
and larvae of An. maculipennis, Cx. pipiens and Cx. 
modestus under field and laboratory conditions 
using several organochlorine and organophosphate 
insecticides. Resistance to dieldrin was detected 
in An. maculipennis (35, 36). During the same 
period, laboratory experiments were conducted 
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with organochlorines and organophosphates on the 
larvae of An. maculipennis, Cx. pipiens, Cx. theileri, 
Cx. hortensis and Ae. caspius from Plovdiv and 
Sofia identified resistance to DDT and lindane in Cx. 
pipiens only (37). Similar to that, other laboratory 
and field trials with larvae of An. maculipennis, Cx. 
pipiens and Ae. caspius from Sofia demonstrated full 
susceptibility to organophosphates (38).
In 1971 and 1972, carbamates were employed 
together with organochlorines and organophosphates 
for the first time in field and laboratory experiments 
performed in Sofia, Varna, Burgas and Pleven districts. 
No resistance was detected in Cx. pipiens larvae (39).
Between 1978 and 1980, the first laboratory 
experiments using biocontrol agents other than fish 
species were conducted with three different strains 
of Bacillus thuringiensis. The larvae of Cx. pipiens 
showed no resistance to any of the strains (40).
No peer-reviewed articles on mosquito insecticide 
resistance exist between 1981 and 1991. 
Nevertheless, there are a few reports in the 
grey literature, showing resistance to DDT and 
susceptibility to organophosphates in Sliven, Sofia, 
and Montana districts (41, 42, 43, 44).
In the last 32 years since 1990, no studies have been 
conducted in Bulgaria on the insecticidal resistance 
of native mosquito species, either by classical 
WHO bioassays or by modern molecular genetic 
methods. Moreover, the availability of biocides for 
mosquito control drastically changed after banning 
organochlorines, organophosphates and carbamates, 
and nowadays only pyrethroids are registered as 
adulticides for professional use (45). Meanwhile, 
the susceptibility and vulnerability to malaria in the 
country are preserved (46), and Cx pipiens s. l. has 
been shown to transmit the West Nile virus (47). The 
entry into Bulgaria in 2011 of the invasive Asian tiger 
mosquito Ae. albopictus (16) creates an additional 
serious problem, as the species continues to expand 
its range on the territory of 25 of the 28 districts in 
the country (O. Mikov, own unpublished data), which 
shows the ineffectiveness of adulticidal methods to 
control it. In addition, resistance of this species to 
pyrethroids has already been reported in Europe and 
Asia (48, 49).

CONCLUSIONS
The lack of studies on mosquito insecticide resistance 
in Bulgaria for more than 30 years should raise 
concern for both public health authorities and private 
pest control companies. Since all the adulticides 
registered for professional use in Bulgaria belong to 
the pyrethroid class, and only a few larvicides based 
on insect growth regulators and Bacillus thuringiensis 
israelensis are available (45), there is an urgent need 
for contemporary data on the populations of the 
most common native and invasive mosquito species 
in the country.
There is numerous data on the pyrethroid 
resistance of Cx. pipiens from Romania (50), Greece 
(51, 52, 53) and Turkey (54, 55, 56), most of them 
from regions bordering Bulgaria. A high level of 
resistance to pyrethroids was also observed in An. 
maculipennis in the European part of Turkey (57). 
The Asian tiger mosquito Ae. albopictus already 
showed possible incipient pyrethroid resistance 
due to the presence of kdr mutations in Greece 
(58), but also a spatial trend with the resistant 
kdr allele being mostly detected in two clusters 
in Europe. The first cluster, designated as the 
"Western Cluster," includes mainly Mediterranean 
coastal sites from Italy (Rome and Bari), France 
(Nice and Perpignan) and Malta (Luqa) but also 
sites in Spain (Basauri) and Switzerland (Basel). The 
second cluster, designated as the “Eastern cluster,” 
includes the easternmost sites on both sides of the 
Black Sea from Bulgaria (Burgas), Turkey (Istanbul 
and Igneada) and Georgia (Batumi) as well as one 
site from Romania (Bucharest) (59).
The application of modern multidisciplinary 
approaches studying the resistance of native and 
invasive species of blood-sucking mosquitoes 
to insecticides should be a key contribution to 
elucidating their role in the circulation of pathogens 
of humans and animals and optimizing methods for 
controlling their populations.

ACKNOWLEDGEMENTS
This work was supported by the Bulgarian 
Scientific Research Fund, research project contract 
KP-06-N-41/5 from 30.11.2020.



50

Probl. Inf. Parasit. Dis.									                       Vol. 51, 2023, 1

REFERENCES
1.	 Jones K, Patel N, Levy M, Storeyard А, Balk D, Gittleman J, 

Daszak P. Global trends in emerging infectious diseases. 
Nature, 2008; 451:990-994. https://doi.org/10.1038/
nature06536

2.	 European Centre for Disease Prevention and Control. 
Guidelines for the surveillance of native mosquitoes in 
Europe. Stockholm: ECDC, 2014, vii+111 pp. http://doi.
org/10.2900/37227

3.	 European Centre for Disease Prevention and Control. 
Guidelines for the surveillance of invasive mosquitoes 
in Europe. Stockholm: ECDC, 2012; vi+96 pp. http://doi.
org/10.2900/61134

4.	 World Health Organization. Pesticides and their application: 
for the control of vectors and pests of public health 
importance. 6th ed. Geneva: WHO, 2006, 114 pp. WHO/CDS/
NTD/WHOPES/GCDPP/2006.1 https://apps.who.int/iris/
handle/10665/69223

5.	 van den Berg H, da Silva Bezerra HS, Al-Eryani S, Chanda E, 
Nagpal BN, Knox TB, Velayudhan R, Yadav RS. Recent trends in 
global insecticide use for disease vector control and potential 
implications for resistance management. Sci Rep. 2021; 
11:23867 https://doi.org/10.1038/s41598-021-03367-9

6.	 World Health Organization. Test procedures for insecticide 
resistance monitoring in malaria vector mosquitoes (Second 
edition). Geneva: WHO, 2016 (updated June 2018), 56 pp. 
https://apps.who.int/iris/handle/10665/250677

7.	 Scott J. G., Yoshimizu M. H., Kasai S. Pyrethroid resistance 
in Culex pipiens mosquitoes. Pestic Biochem Physiol, 2015, 
120:68–76. https://doi.org/10.1016/j.pestbp.2014.12.018

8.	 Smith L, Kasai S, Scott J. Pyrethroid resistance in Aedes 
aegypti and Aedes albopictus: Important mosquito vectors 
of human diseases. Pestic Biochem Physiol, 2016; 133:1–12. 
https://doi.org/10.1016/j.pestbp.2016.03.005

9.	 Weill M, Malcolm C, Chandre F, Mogensen K, Berthomieu 
A, Marquine M, Raymond M. The unique mutation in ace‐1 
giving high insecticide resistance is easily detectable in 
mosquito vectors. Insect Molecular Biology, 2004; 13:1-7. 
https://doi.org/10.1111/j.1365-2583.2004.00452.x

10.	Bursalı F, Şimşek F M. Determination of insecticide resistance 
based on the kdr mutation in Anopheles maculipennis 
complex from Mediterranean and Aegean regions. European 
Journal of Biotechnology and Bioscience. 2016; 4(1): 23-30.

11.	Tmimi F, Faraj C, Bkhache M, Khadija M, Failloux A-B, Srih 
M. Insecticide resistance and target site mutations (G119S 
ace-1 and L1014F kdr) of Culex pipiens in Morocco. Parasites 
Vectors, 2018, 11:51. https://doi.org/10.1186/s13071-018-
2625-y

12.	Mikov O. History of research on malaria mosquitoes in 
Bulgaria. Infectology. 2005; 42(4):39-47. (in Bulgarian)

13.	Petrov P. Malaria. Sofia: Meditsina i fizkultura, 1990, 128 pp. 
(in Bulgarian)

14.	Bozhkov D. Blood-sucking mosquitoes. Sofia: Publishing 
House of the Bulgarian Academy of Sciences, 1991; 224 pp. 
(in Bulgarian)

15.	Harbach R.E. 2013. Mosquito Taxonomic Inventory, https://
mosquito-taxonomic-inventory.myspecies.info/, accessed on 
15 July 2022.

16.	Mikov O, Nikolov G, Schaffner F, Mathis A. First record and 
establishment of Aedes albopictus in Bulgaria. In: VBORNET-
EMCA Joint Meeting ‘Invasive Mosquitoes and Public 
Health in the European Context’, Antwerp, Belgium, 28–29 
November 2013. 2013. p. 60.

17.	Günay F, Picard M, Robert V, 2018. MosKeyTool, an 
interactive identification key for mosquitoes of Euro-
Mediterranean. Version 2.2. in English available at www.
medilabsecure.com/moskeytool. Last update: 30/07/2020. 
https://www.medilabsecure.com/moskeytool

18.	Strickman D, Linton Y-M, Wilkerson RC. Mosquitoes of the 
World. Baltimore: Johns Hopkins University Press, 2021, 
1332 pp. https://doi.org/10.1353/book.79680.

19.	Bozhkov D, Cholakova R. Malaria in the Bulgarian lands 
(From antiquity to the present day). Collection of scientific 
works and materials on the history and theory of science and 
technology, Sofia. 1983; 2:337-360. (in Bulgarian)

20.	Kovchazov G. The results of studies on the resistance of 
Anopheles maculipennis Meig. to DDT in Ruse district. 
Hygiene, Epidemiology, Microbiology, and Infectious 
Diseases, 1958; 2. (in Bulgarian)

21.	Kovchazov G. On the sensitivity of Anopheles maculipennis 
to DDT in Ruse district. Hygiene, Epidemiology, Microbiology, 
and Infectious Diseases, 5, 1959. (in Bulgarian)

22.	Avlavidov T. On the issue of sensitivity of anopheline 
mosquitoes to DDT in Varna district. Hygiene, Epidemiology, 
Microbiology, and Infectious Diseases, 1959; 5(1):40-47. (in 
Bulgarian)

23.	Atanasov D, Avlavidov T, Kovchazov G, Hristova T, Deyanova 
I. State of sensitivity of An. maculipennis Meig. and An. 
sacharovi Favre regarding DDT and dieldrin in some regions 
of Bulgaria. Bulletin of NIEM, 1962; 3:121-128. (in Bulgarian)

24.	Atanasov D, Hristova T. Results of studies on the resistance of 
Anopheles maculipennis Ucig and Anopheles sacharovi Favre 
to chloric insecticides in certain areas of Bulgaria. Works of 
the Research Institute of Epidemiology and Microbiology. 
1960; 7:277-281

25.	Hristova T, Todorov T, Avramova S. Studies on the 
susceptibility of anopheline mosquitoes to DDT in some 
regions of the country. Epidemiology, Microbiology, and 
Infectious Diseases. 1968; 5(3):278-284. (in Bulgarian)

26.	Kovchazov G. Studies on the susceptibility of Anopheles 
maculipennis to insecticides in Varna district. Annals of the 
Hygiene and Epidemiological Service, 1976; 9(6):161-163. (in 
Bulgarian)

27.	Dorovski D. Studies on the species composition, distribution 
and control of mosquitoes in Pleven district. PhD Thesis. 
Medical Academy, Sofia, 1976. (in Bulgarian)

28.	Hristova, T. Mosquito control in 1979 to prevent local cases 
of malaria. DDD Periodical Bulletin, XI, 1980; 11(1):7-10. (in 
Bulgarian)

29.	Sarbova S, Hristova T, Tsanev I, Golovinski V. Agents to 
control mosquitoes on the Black Sea coast. Epidemiology, 
Microbiology and Infectious Diseases, 1968; 5(2):180-87. (In 
Bulgarian)

30.	Hristova T. Degree of sensitivity of mosquito larvae to 
some insecticides. Annals of the Hygienic Epidemiological 
Institutes, 1969; 3(16):99-101. (In Bulgarian).

31.	Hristova T, Bankov M, Todorova M, Topalova L. The control of 
mosquitoes in Sofia. Annals of the Hygienic Epidemiological 
Institutes, 1969; 3(16):92-96. (In Bulgarian).

32.	Hristova T, Balukova Y, Simeonov A. Mosquitoes in the 
city of Plovdiv and their control. Annals of the Hygienic 
Epidemiological Institutes, 1969; 3(16):101-06. (In Bulgarian).

33.	Hristova T, Dorovski D. Experiments on the larvicidal 
treatment of biotopes with Basudin. Annals of the Hygienic 
Epidemiological Institutes, 1969; 3(16):96-99. (In Bulgarian).

34.	Hristova T, Simeonov A, Balukova Y. Attempts to control 
mosquito larvae in rice fields. Epidemiology, Microbiology 
and Infectious Diseases, 1972; 9(4):371-377. (In Bulgarian).

35.	Hristova T, Dorovski D. Effectiveness of mosquito control in 
Pleven district. DDD periodical bulletin, 1973; 5(3-4): 47-50. 
(In Bulgarian).

36.	Hristova T, Dorovski D. Sensitivity of mosquito larvae and 
mosquitoes to different chemical preparations in Pleven 
district. DDD periodical bulletin, 1973; 5(3-4): 52-53. (In 
Bulgarian).



51

MOSQUITO RESISTANCE TO INSECTICIDES IN BULGARIA: WHAT DO WE KNOW AND SHOULD WE WORRY?

37.	Hristova, T. Sensitivity of mosquito larvae to certain 
insecticides. Epidemiology, Microbiology and Infectious 
Diseases, 1975; 12(1):79-84. (in Bulgarian)

38.	Penev I. Futekov G. Study of the larvicidal effect of 
chloroxyphos, chlorvinphos and dibromphos against 
mosquito larvae of the genera Anopheles, Culex and Aedes 
under laboratory and field conditions. DDD periodical 
bulletin, 1973; 5(3-4): 53-55. (In Bulgarian).

39.	Hristova, T., I. Tsanev, D. Dorovski, M. Todorova, M. 
Bankov, and D. Smilova. Agents to control mosquito larvae. 
Epidemiology, Microbiology and Infectious Diseases, 1974; 
11(4):381-88. (in Bulgarian)

40.	Hristova T, Apostolova V, Dorovski D, Dimitrasheva D, 
Mahaldjiyski I. Study of some biological methods used in 
mosquito control. Annals of the Hygiene and Epidemiological 
Service, 1981; 15(7): 147-152. (in Bulgarian)

41.	Gecheva G, Zlatanova V, Apostolova V, Alfandari K. Analysis 
and assessment of disinsection measures in the country in 
1985. Official Bulletin of the Scientific Institute of Infectious 
and Parasitic Diseases, 1986; 2(4):58-76. (in Bulgarian).

42.	Zlatanova V, Gecheva G, Apostolova V, Alfandari K. Analysis of 
the disinsection measures carried out in the country in 1986. 
Official Bulletin of the Scientific Institute of Infectious and 
Parasitic Diseases, 1987; 3(5):27-43. (in Bulgarian).

43.	Anonymous. Analysis of disinsections in 1987 in PRB. Official 
Bulletin of the Scientific Institute of Infectious and Parasitic 
Diseases, 1988; 4(3):64-80. (in Bulgarian)

44.	Anonymous. Analysis and assessment of disinsection 
measures in the country in 1990. Official Bulletin of the 
Scientific Institute of Infectious and Parasitic Diseases, 1991; 
7(2):27-42. (in Bulgarian).

45.	Ministry of Health. Registry of biocides. https://www.
mh.government.bg/bg/administrativni-uslugi/registri/
registar-na-biotsidnite-preparati/. accessed on 10 December 
2022 

46.	Rainova I, Harizanov R, Kaftandjiev I, Mikov O, Tsvetkova 
N. Imported malaria in Bulgaria, status and prognosis after 
eradication in 1965. J Inf Pub Health, 2018; 11(4):534–539. 
https://doi.org/10.1016/j.jiph.2017.10.010

47.	Christova I, Papa A, Trifonova I, Panayotova E, Pappa S, Mikov 
O. West Nile virus lineage 2 in humans and mosquitoes in 
Bulgaria, 2018–2019. J Clin. Virol. 2020; 127:104365. https://
doi.org/10.1016/j.jcv.2020.104365

48.	Pichler V, Bellini R, Veronesi R, Arnoldi D, Rizzoli A, Lia RP, 
Otranto D, Montarsi F, Carlin S, Ballardini M, Antognini E, 
Salvemini M, Brianti E, Gaglio G, Manica M, Cobre P, Serini P, 
Velo E, Vontas J, Kioulos I, Pinto J, Della Torre A, Caputo B. First 
evidence of resistance to pyrethroid insecticides in Italian 
Aedes albopictus populations 26 years after invasion. Pest 
Manag Sci, 2018; 74(6):1319-1327. https://doi.org/10.1002/
ps.4840

49.	Kasai S, Caputo B, Tsunoda T, Cuong T C, Maekawa Y, Lam-
Phua S G, Pichler V, Itokawa K, Murota K, Komagata O, 
Yoshida C, Chung H-H, Bellini R, Tsuda Y, Teng H-J, Filho J L 
de Lima, Alves L C, Ng L Cg, Minakawa N, Yen N T, Phong T V, 
Sawabe K, Tomita T. First detection of a Vssc allele V1016G 
conferring a high level of insecticide resistance in Aedes 
albopictus collected from Europe (Italy) and Asia (Vietnam), 
2016: a new emerging threat to controlling arboviral 
diseases. Euro Surveill, 2019; 24(5):pii=1700847. https://doi.
org/10.2807/1560-7917.ES.2019.24.5.1700847

50.	Stancu I G, Prioteasa F L, Tiron G V, Cotar A I, Fălcuță E, Porea 
D, Dinu S, Ceianu C S, Csutak O. Distribution of insecticide 
resistance genetic markers in the West Nile virus vector 
Culex pipiens from South-Eastern Romania. Insects. 2022; 
13(11):1062. https://doi.org/10.3390/insects13111062

51.	Kioulos I, Kampouraki A, Morou E, Skavdis G, Vontas 
J.Insecticide resistance status in the major West Nile virus 

vector Culex pipiens from Greece. Pest Management Science, 
2013; 70(4), 623–627. https://doi.org/10.1002/ps.3595

52.	Fotakis EA., Chaskopoulou A, Grigoraki L, Tsiamantas A, 
Kounadi S, Georgiou L, Vontas J. Analysis of population 
structure and insecticide resistance in mosquitoes of 
the genus Culex, Anopheles and Aedes from different 
environments of Greece with a history of mosquito borne 
disease transmission. Acta Tropica, 2017; 174:29-37. https://
doi.org/10.1016/j.actatropica.2017.06.005

53.	Fotakis EA, Giantsis IA, Castells Sierra J, Tanti F, Balaska S, 
Mavridis K, Kourtidis S, Vontas J, Chaskopoulou A. Population 
dynamics, pathogen detection and insecticide resistance of 
mosquito and sand fly in refugee camps, Greece. Infect Dis 
Poverty, 2020; 9:30 https://doi.org/10.1186/s40249-020-
0635-4

54.	Akiner M M, Simsek F M, Caglar S S. Insecticide resistance 
of Culex pipiens (Diptera: Culicidae) in Turkey. Journal 
of Pesticide Science, 2009; 34(4):259-264. https://doi.
org/10.1584/jpestics.G09-28

55.	Yavaşoğlu S İ, Şimşek F M. Insecticide resistance 
and mechanisms of Culex pipiens populations in the 
Mediterranean and Aegean regions of Turkey During 2017-
2018. J Arthropod Borne Dis. 2021; 15(4):405-420. https://
doi.org/10.18502/jad.v15i4.10505

56.	Kılıçarslan E, Öztürk M, Beriş F Ş, Demirtaş R, Akıner M M. 
Monitoring and distribution of kdr and ace-1 mutation 
variations in Culex pipiens L., 1758 (Diptera: Culicidae) 
in artificial sites and agricultural fields in the central and 
eastern Black Sea Region of Türkiye. Turkish Journal of 
Entomology, 2022, 46(3):343-358. https://doi.org/10.16970/
entoted.1120646

57.	Akıner M M, Caglar S S, Simsek F M. Yearly changes of 
insecticide susceptibility and possible insecticide resistance 
mechanisms of Anopheles maculipennis Meigen (Diptera: 
Culicidae) in Turkey. Acta Tropica, 2013; 126(3):280-285. 
https://doi.org/10.1016/j.actatropica.2013.02.020

58.	Balaska S, Fotakis EA, Kioulos I, Grigoraki L, Mpellou 
S, Chaskopoulou A, Vontas J. Bioassay and molecular 
monitoring of insecticide resistance status in Aedes albopictus 
populations from Greece, to support evidence-based 
vector control. Parasites Vectors, 2020; 13:328. https://doi.
org/10.1186/s13071-020-04204-0 

59.	Pichler, V, Caputo B, Valadas V, Micocci M, Horvath C, Virgillito 
C, Akiner M, Balatsos G, Bender C, Besnard G, Bravo-Barriga 
D, Bueno-Mari R, Collantes F, Delacour-Estrella S, Dikolli 
E, Falcuta E, Flacio E, García-Pérez A L, Kalan K, Kavran M, 
L’Ambert G, Lia R P, Marabuto E, Medialdea R, Melero-Alcibar 
R, Michaelakis A, Mihalca A, Mikov O, Miranda M A, Müller P, 
Otranto D, Pajovic I, Petric D, Rebelo M T, Robert V, Rogozi E, 
Tello A, Zitko T, Schaffner F, Pinto J, della Torre A. Geographic 
distribution of the V1016g knockdown resistance mutation 
in Aedes albopictus: A warning bell for Europe. Parasites 
Vectors, 2022; 15:280. https://doi.org/10.1186/s13071-022-
05407-3.

 


