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Pathomorphological changes in the larvae cells of blood-sucking mosquitoes
(Aedes caspius Pallas, 1771) affected by parasitizing microsporidium

Amblyospora (=Thelohania) opacita Kudo, 1922
A.M. Nasirov, E.K. Gasimov, N.E. Ibrahimova, F.H. Rzayev

Microsporidia are highly specialized obligate intracellular parasites. They affect various tissues of most animal
groups. In Azerbaijan, 29 species and forms of microsporidia were recorded. Of these, 10 species (Amblyospora
minuta, Pleistophora obesa, Thelohania opacita, Th. opacita caspius, Th. vexans, Stempellia captshagaica,
St. magna, Nosema caspius, Nosema sp., Culicosporella sp.) were found in four species of blood-sucking mosquitos
(Culix pipiens pipiens, Aedes vexans, A. caspius, Culex theileri). The collected larvae were identified using the key of
Gutsevich et al. (1970). In the laboratory, the mosquito larvae were examined against a dark background under the
microscope MBS-9 to distinguish individuals infected with microsporidia. Smears were stained with azure-eosin.
Histological slices were prepared according to the Volkova and Yeletskiy method (1971); pathological changes in
host tissues were identified using the electron microscope JEM 1400. In the course of our research conducted in
2017-2018 on the Absheron peninsula (Azerbaijan), the life stages of the microsporidium Amblyospora
(=Thelohania) opacita Kudo, 1922 were found in the larvae of Aedes caspius Pallas, 1771. Examination of the
infected host cell ultrastructure revealed the following changes: rough endoplasmic reticulum and mitochondria
concentration around the parasite, an increase of cytoplasm volume, initiation of cell hypertrophy, disappearance of
fat, protein granules and rough endoplasmic reticulum at later development stages, a decrease in the number of
ribosomes in the cytoplasm and their simultaneous increase around the periphery of the nucleus, mitochondria
degradation. These changes cause a delay in the larva development. Microsporidiosis affects the whole mosquito life
cycle. The effect of microsporidia on the host organism manifests itself in the delayed larvae development and, in
some cases, their early death. First of all, the lipid granules disappear supposedly because of the intensification of
the host's aerobic metabolism to compensate for the energy loss caused by the developing parasites.
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Introduction

Microsporidia (Phylum Microsporidia Balbiani, 1882) are highly specialized obligate intracellular
parasites. They affect various tissues of most groups of vertebrate and invertebrate animals (Issi, 1986;
Canning, Vavra, 2000). To date, more than 1400 species in 140 genera of microsporidia are described
(Manafov et al., 2017). The greatest number of microsporidium species is found in insects, including blood-
sucking mosquitoes of the Culicidae family. Mosquitoes are the hosts of more than 150 microsporidia
species in 25 genera (Andreadis, 2007; Nasirov et al., 2018), and many papers concern their fauna
(Khaliulin, 1973; Lavchenko, Issi, 1973; Kilochitskiy, Shermet, 1978; Khodzhaeva, 1988; Pankova et al.,
2000; Simakova, 2013; Seyed-Mohammad et al., 2016). Microsporidia are considered to be agents of
biological control for regulating the number of mosquito larvae (Alimov, 2007). The microsporidium
Amblyospora (= Thelohania) opacita Kudo, 1922, parasitizing blood-sucking mosquitoes, is widely spread
and has a wide range of hosts. For example, this species parasitizes in 12 mosquito species in Ukraine
(Kilochitskiy, Shermet, 1978), eight species in Russia (Khaliulin, 1973), one species in Kazakhstan
(Lavchenko, 1974), and three species in Uzbekistan (Khodzhaeva, Guliy, 1977). The geographic varieties
of this species were recorded from other countries (White et al., 1994; Chapman et al., 1966; Kellen, 1966;
Kellen et al., 1965). Microsporidia of this genus develop mainly in the host’s fat body, although for some
species, the development is also possible in hemocytes, ovaries, etc. (Khaliulin, lvanov, 1971).
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In Azerbaijan, 29 species and forms of microsporidia were registered. Of these, 10 species
(Amblyospora minuta, Pleistophora obesa, Thelohania opacita, Th. opacita caspius, Th. vexans,
Stempellia captshagaica, St. magna, Nosema caspius, Nosema sp., Culicosporella sp.) were found in
four species of blood-sucking mosquitoes (Culix pipiens pipiens, Aedes vexans, A. caspius, Culex theileri)
(Alikhanov, 1972, 1973a, 1973b, 1979, 1986; Alikhanov et al., 1985). In total, 24 species and 3
subspecies of mosquitoes are common in Azerbaijan (Namazov, 2016). Of these, three species are
carriers of malaria (An. sacharovi, An. maculopennis, An. subalpinus).

To date, the Microsporidia research has moved to the new level with the use of electron
microscopic methods. These methods contribute to the identification of structural diversity of the trophic
stages and spores, the nature of their relationship with the host cell, and especially the pathological
changes that occur in the host tissues and cells. Given the unique properties of these obligate
intracellular parasites of blood-sucking mosquitoes and their high diversty, miscrosporidia may be
considered as model objects of theoretical parasitology, cytology and molecular biology. In therms of
practical application, microsporidia can by refarged as potential agents of biological control of malicious
bloodsuckers, which was the basis for our research.

Materials and methods

The research was conducted in the Absheron region (Azerbaijan) from the end of May to the
middle of September of 2017-2018. We collected mosquito larvae, identified them using Gutsevich et al.,
1970, and then chose the specimens of Aedes caspius Pallas, 1971 for our study.

In the laboratory, the collected material was examined against a dark background under the
microscope MBS-9 to distinguished individuals infected with microsporidia. Smears were fixed with
methyl alcohol for 1-2 minutes, and then stained with azure-eosin according to Giemsa-Romanowsky
(Voronin, lIssi, 1974). For the histological slide preparation, we used the Volkova-Yeletskiy method
(Volkova, Yeletskiy, 1971). The following steps were taken to identify pathological changes in host tissues
with the use of electron microscope JEM 1400.

The obtained samples (3" and 4™ stage of infected mosquito larvae) were prepared in 0.1 M
phosphate buffer (pH=7.4), fixed in a solution of 2.5 % glutaraldehyde, 2 % paraformal-aldehyde, 4 %
sucrose, 0.1 % picrinic acid and transferred to the Electron Microscopy Laboratory of the Scientific
Research Centre of Azerbaijan Medical University. First, each sample was washed thrice in a 0.1 M
phosphate buffer (pH=7.4) for 15 minutes (45 minutes in total) in the laboratory. According to the common
methods adopted in light and electron microscopic investigations, the slices were kept in the mixed solution
of 1.5 % red blood salt and 1 % OsOa4, 0.1 M phosphate buffer for 1.5 hours in the post fixation phase.
After that, each specimen was once again washed thrice in 0.1 M phosphate buffer (pH=7.4) for 15
minutes and the slices were dehydrated at the Ill phase. In this case, each specimen was passed thrice
through 50 % alcohol, and then through 70 % and 96 % alcohol, consequently, for 15 minutes (45 minutes
in total). Then each slice was washed thrice in the solution of 50 % pure alcohol and 50 % pure acetone for
15 minutes (45 minutes in total) and fixed thrice in pure acetone for 15 minutes (45 minutes in total). The
next IV phase was the block preparation. For this purpose, the Araldite-Epon solution of five components
(Epon-812, DDSA, Araldite M, Dibutalftalat and DMP-30) was used. The component proportions varied
depending on the number of samples to be taken. The block preparation phase is divided into several
parts: a) 75 % of the solution is pure acetone and 25 % is Araldite-Epon; b) 50 % of the solution is pure
acetone and 50 % is Araldite-Epon; c) 25 % of the solution is pure acetone and 75 % is Araldite-Epon; d)
the slices are kept in the solution of 100 % Araldite-Epon for an hour (Kuo, 2007; Weakley, 1975).

After completing the last stage, the samples were placed in pre-selected and numbered ready-
molds and placed in a thermostat. The slices were kept a day at 37°C, a day at 45°C, and a day at 60°C
(total 3 days) in thermostats. The ready-made blocks were removed from the molds and the semi-slim
(1 M) cuts were prepared via Leica EM UC7 thermal ultramicrotome. The sections were stained by
double-dyeing method (a solution of 0.5 % methylene abundance, 0.5 % azur Il, 0.5 % buffer and b-
solution — 5 % alcohol, 0.1 % fuchsine) (D’Amico, 2005). Semi-slim cuts were reviewed in the Promo Star
(Zeiss) microscope and the images of the necessary parts were captured with the digital camera system
Canon D650 (Japan). After the pyramids were developed from the selected areas of the necessary parts
of semi-slim cuts observing by the light microscope, silver and gold ultraslim cuts were developed at 50—
80 nm thick via the above mentioned ultramicrotomy and were collected into the grids. Further, the cuts
were stained at 2 % uranyl acetate solution for 15 minutes, then at 0.6 % pure lead citrate prepared in
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0.1 M NaOH solution for 0.5-1 minutes (Kuo, 2007) and examined using Transmission Electron
Microscope. Ultraslim cuttings were investigated under the tension of 80-KV at JEM-1400 TEM (JOEL-
Japan), and electronogrammes were taken with the lower and lateral cameras (Veleta).

Results and discussion

Our research in the Absheron Region in 2017-2018 revealed that the 3rd and 4th larvae stage of
Aedes caspius are invaded with microsporidium Amblyospora (=Thelohania) opacita from May to late
September. The light and electron microscopy techniques are widely used in the studies of pathological
changes in the host tissues and cells in case of microsporidiosis (Chen, 1998; Becnel, Andreadis, 1998).
We also used these methods in our research. First, microsporidium spores enter the intestinal cavity of
blood-sucking mosquitoes. At this stage, no external symptoms are noticed. Parasites (spores) can be
seen only on histological specimens and on electronogramms (Fig. 1, microsporidian spores are indicated
by arrows). In the studies of microsporidia parasitizing blood-sucking mosquitoes (including the genus
Amblyospora), N. Andreadis also confirms the above data on research methods, localization and
symptoms (Andreadis, 2007). Sporoplasm is shot into the host cell with the help of a polar parasite tube.
Sporoplasm is an invasive stage, represented by a single nucleus (or diplocaryon), surrounded by a thin
layer of cytoplasm with monoribosomes. When in dispute, it does not have its own shell. Along the
channel of the polar tube ejected from the spores, the parasite's core “squeezes” into the host cell. It can
be said that the microsporidium gene is inserted into the host cell. In the host cell, the sporoplasm is
already surrounded by its own plasma membrane. Few hours later, the sporoplasm increases in size, a
rough endoplasmic reticulum (RER) appears in its cytoplasm, and it turns into meront, the proliferative
stage of the microsporidium life cycle. We found several stages (meront, sporoblast and spore) of the
parasite in the host cells in the larvae’s fat bodies. A spore and its ultrastructure is shown in Fig. 2.

The host cell hypertrophy began with the onset of sporogony. At this stage, destructive changes
occurred in the host cell: RER, fat and protein granules disappeared, the number of ribosomes decreased
in the cytoplasm and at the same time increased along the periphery of the nucleus, mitochondria
degraded. The hypertrophied cells are characterized by the nucleus hypertrophy with strong invagination
of its shell and the formation of lobes that increase its surface, or even the appearance of multi-core. Liu
(1972) found that the fat body cells infected by Thelohania bracteata can be distinguished from the
uninfected ones by the presence of particles, which are larger in size and lower in density. Also, the
nuclear pore has a larger diameter in the infected cells. In addition, the central granule in the nuclear pore
complex is usually absent (Liu, 1972). The strongest pathological changes were peculiar to the cells of
mesodermal origin. The infected cells that lost the ability to autolysis often live longer than those not
infected. During insect metamorphosis, not being subjected to apoptosis, unlike the normal cells, they are
transphasically transmitted from larvae to adult individuals.

The relationship of microsporidium with the mitochondria of the host cell (due to the fact that there
are no mitochondria in microsporidium) is of particular interest (Dolgikh et al., 2011). It ranges from the
complete absence of a visible reaction of these organelles to parasite invasion to the integration of the
parasite cell with the mitochondria of the host cell. Electron diffraction patterns of many microsporidia
show structured bonds between the membranes of the organelle and the parasite cell.

Microsporidiosis affects negatively the life cycle of mosquitoes. The effect of microsporidia on the
host organism is manifested in the delayed larva development or sometimes its early death. At the initial
stage, the lipid granules disappear, probably as a result of the intensification of the host's aerobic
metabolism processes to compensate for the energy loss caused by the developing parasites. The above
data are confirmed in blood-sucking mosquitoes of the genus Aedes infected by the microsporidium
Thelohania opacita (Kilochitzky et al., 1980).

The influence of microsporidiosis on the mosquito larva hemolymph manifested itself in an increase
in the prohemocyte proportion, in appearance of multicore free-circulating cells on the 6th day after
infection, and in suppression of the hemolymph melanisation during mass parasite sporogenesis
(Vorontsova et al., 2004). For some microsporidium species, the hemocyte participation in the spread of
infection throughout the host organism has been shown (David, Weiser, 1994). There is also evidence of
in vitro suppression of microsporidial spore phagocytosis (Ditrich et al., 1997) and the ability of
microsporidia to multiply in insect hemocytes (Kozlov et al., 1988). A characteristic symptom of
microsporidiosis of mosquito larvae is a deposition of black dots and small irregular-shaped spots under
the cuticle (“atretization reaction”). At the same time, the larvae acquired a milky-white colour, which is
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the result of massive accumulation of spores in the fat body. Lipid granules are practically absent in the
tissues with intensive infestation of parasites. In our research, a massive accumulation of spores
(sporophore clusters) in the fat body was also visually observed on the 1st and 2nd abdominal segments
of the larvae of blood-sucking mosquitoes infected with Amblyospora (=Thelohania) opacita microsporidia
under a light microscope. On the histological specimens and on smears, the above-said was also clearly
visible (Fig. 3, clusters are indicated with arrows).

Fig. 1. Spores of the microsporidium Amblyospora (Thelohania) opacita in the larvae of the blood-
sucking mosquito Aedes caspius. Explanations in the text. A and B — light microscopy, semi-thin
section (thickness 1 um). D’Amico staining. C and D — electron microscopy, ultrathin sections (thickness
60 nm). Staining: uranyl-acetate and lead citrate

According to other authors (Seleznyev, Raushenbakh, 2003), the cells infected with microsporidia
are in a state of physiological stress. Neurosecretory brain cells stop prothoracotropic hormone secretion
into hemolymph, and, as a result, the synthesis and secretion of the ecdysone, the moulting hormone,
decreases, so, infected insects experience moulting difficulties. The juvenile hormone esterase activity
decreases. For this reason, insects also have difficulties in undergoing metamorphosis. Infection with
microsporidia leads to pathological disorders of hormone-dependent morphogenetic processes like cell
differentiation and specialization, molting, metamorphosis, diapause, and insect reproduction (Alikhanov,
1973a; Issi, Tokarev, 2002). We are convinced that the mechanisms underlying parasite-host relations in
microsporidiosis do not differ from the relationships in parasite-host systems formed by parasites of other
systematic affiliation.
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Fig. 2. Microsporidia Amblyospora (=Thelohania) opacita. A and B — electron microscopy, ultrathin
sections (thickness 60 nm). Staining: uranyl acetate and lead citrate. A: N — nucleus, one arrow —
endospore (chitin), two arrows — exospore (protein). B: arrows — ribosomes, 1 — anchoring disc, 2 —
polaroplast, 3 — polar tube
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Fig. 3. Accumulation of microsporidium spores in the fat body of the mosquito larvae. Explanations
in the text. A, B, C and D - light microscopy, semi-thin section (thickness 1 micron). D’Amico staining. C:
V — vacuoles, one arrow — hypoderm of mosquito larvae, two arrows — cuticle. D: V — vacuoles, arrows —
sporophore clusters, flower — fat bodies
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Conclusions

1. The life cycle stages of the microsporidium Amblyospora (=Thelohania) opacita were revealed in
the blood-sucking mosquito Aedes caspius in Absheron.

2. Ultrastructure studies of the infected mosquito cells showed that an increase in the cytoplasm
volume of the host cells occurs at the initial stage of microsporidiosis. Rough endoplasmic reticulum and
mitochondria of the host cell cytoplasm are concentrated around the parasite.

3. Host cell hypertrophy occurs at the initial stage of sporogony; RER, fat and protein granules in
the cell cytoplasm disappear.

4. During sporogony, the destructive changes amplify, and the number of ribosomes in the host cell
cytoplasm falls sharply. Mitochondria degradation and nucleus hypertrophy are observed.
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m MaTtomMopdonoriyHi 3MiHM y KNiTMHaX NIMYMHOK KPOBOCUCHUX KoMapiB (Aedes caspius Pallas ...
Pathomorphological changes in the larvae cells of blood-sucking mosquitoes (Aedes caspius ...

White S.E., Fukuda T., Undeen A.H. (1994). Horizontal transmission of Amblyospora opacita (Microspora:
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MaTomopdponorivyHi 3MiHK y KNiTUHaX IMYNHOK KPOBOCUCHUX KoMmapiB (Aedes
caspius Pallas, 1771) npu napa3utyBaHHi mikpocnopugii Amblyospora

(=Thelohania) opacita Kudo, 1922
A.M. Hacupos, E.K. Kacumos, H.E. I6parimoBa, ®.I'. P3aeB

Mikpocnopuaii € rpynoto BMcokocneLianiaoBaHnx obrniraTHUX BHYTPILUHbOKNITUHHUX Napa3uTiB. BoHW BpaxatoTb pisHi
TKaHWHW BinbLiocTi rpyn TBapuH. B AsepbangxaHi 6yno susieneHo 29 sugis i dopm Mikpocrnopugin. 3 Hux 10 Buais
(Amblyospora minuta, Pleistophora obesa, Thelohania opacita, Th. opacita caspius, Th. vexans, Stempellia
captshagaica, St. magna, Nosema caspius, Nosema sp., Culicosporella sp.) 6ynu Bia3HadeHi y 4-x BuaiB (Culix
pipiens pipiens, Aedes vexans, A. caspius, Culex theileri) kpoBOCUCHMX kOMapiB. BuaoBy npuHanexHicTb 3iGpaHmnx
NINYMHOK BCTAHOBIOBaNM 3a Bu3Ha4yHMkom A.B. MNyueBuy Ta iH. (1970). 3ibpaHi eksemnnapun Kkomax nepernsigany Ha
TemMHoMy Thni Mikpockona MBC-9 ansi BUsSiBNEHHs 0CO6UH, 3apaxeHnx mikpocnopugiasmm. Masku cdapbysanu asyp-
€03MHOM. [1Na NpuUroTyBaHHS riCcToNoriyHMX npenapartiB BukopucToByBanu metog O.B. Bonkosoi i KO.K. €neupkoro
(1971), a ona BUSABNEHHs NAaTOMOPEONOriYHMX 3MiH B NMMYMHKaX BUKOPUCTOBYBaNWM eneKkTpoHHun mikpockon (JEM-
1400). JocnigxeHHs HasaBHOCTI MiKpoCcrnopuain y KpOBOCUCHUX koMapiB Bugy Aedes caspius Pallas, 1771, npoBeaeHi
Hamn B 2017-2018 pp. Ha TepuTopii ABwepoHa (AsepbangxaH), BUSBUMM CTafil XXUTTEBOrO LMKITY MiKPOCMOPUAIN
Amblyospora (=Thelohania) opacita Kudo, 1922. BuB4YeHO ynbTpacTPyKTypy iHBa3MBHWX KMiTUH rocrnodaps i
BCTaAHOBIEHO, LLO LIOPCTKA eHAaonnasmMatuyHa citka i MITOXOHAPIi KMiTUHWM rocnofapsi KOHLEHTPYIOTLCA HaBKOSO
napasuta, obcar umTonnasmm 36inbLUyeTbCH, NOYNHAETLCA rinepTpodpis KNiTWH, B NOA4anbLIOMY 3HUKaKTh LLIOPCTKA
eHgonnasMaTuyHa citka, >XUpOBI i BINKOBI rpaHynu, KinbkicTb pMOOCOM 3MEHLUYETLCS B LMTOMMAa3Mi i OfHOYacHO
36inbwyeTbca No nepudepii sapa, AerpagyloTb  MITOXOHApI, BiAOyBaeTbCcs 3aTpyMMKa pPO3BUTKY JFMYMHOK.
Mikpocnopngio3 HeraTMBHO i€ Ha LMK PO3BUTKY KPOBOCUCHWX KOMapis. Bnnue Mikpocnopuain Ha opraHiam
rocrnogaps BUSIBNSETbCA Y 3aTPMMLi pO3BUTKY NMUMHOK abo, iHoAi, ix paHHbOiT 3armbeni. B nepwy yepry BinbyBaeTtbes
3HUKHEHHS MiNigHUX rpaHyn, MMOBIPHO, sik pe3ynbTaT iHTeHcudikauii npouecis aepobHoro metaboniamy rocnogaps
ONS BiOLIKOAYBAHHS €HepreTMYHoro 3uTky, HaHeCEeHoro napasutamu, ki po3BMBarOTbLCA.

KnrouoBi cnoBa: Kpo8oCUCHI Komapi, TUYUHKU, MiKpocriopudii, 3MiHU 8 KrnimuHax, yfibmpacmpyKkmypa.
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MaTomopdgonormyeckme 3aMeHeHUs B KneTkax JIMYMHOK KPOBOCOCYLUMX KOMapoB
(Aedes caspius Pallas, 1771) npu napasnTupoBaHUn MUKpocnopuaumn

Amblyospora (=Thelohania) opacita Kudo, 1922
A.M. Hacupos, 3.K. KacbimoB, H.3. U6parumoBa, ®.I. P3aeB

Mukpocnopuanm npeacTaBnaloT coboM  rpynny  BbICOKOCNELMANM3NPOBaHHbIX OBNMraTHbIX BHYTPUKIETOYHbIX
napasutoB. OHM NopaxatT pas3nuyHble TKaHn 6ONbLUNMHCTBA rPpynn XMBOTHbIX. B A3epbarigxaHe 6bin0 BbiABNEHO 29
BMAOB 1 dopM Mukpocnopuanii. N3 Hux 10 BugoB (Amblyospora minuta, Pleistophora obesa, Thelohania opacita,
Th. opacita caspius, Th. vexans, Stempellia captshagaica, St. magna, Nosema caspius, Nosema sp.,
Culicosporella sp.) 6einn oTmeueHbl y 4-x BuaoB (Culix pipiens pipiens, Aedes vexans, A. caspius, Culex theileri)
KpOBOCOCYLLMX KOMapoB. BragoByo nprvHagnexHocTb cobpaHHbIX MWMYMHOK YyCTaHaBnvMBanu NO onpegenurento
A.B. TyueBny n gp. (1970). CobpaHHble 3K3eMnnspbl HAaCEKOMbIX MpocMaTtpuBany Ha TeMHOM ¢hoHe MuKpockona
MBC-9 pna BbisiBNEeHWst 0CO0eN, 3apaXeHHbIX MuKkpocrnopuausmu. Masku Kpacunu  asyp-303vHOM. [ns
NPUroTOBIIEHNSI TMCTONOMMYECKMX NpenapaToB ucnones3osarnca metog O.B. Bonkoson u KO.K. Eneukoro (1971), a ansa
BbISIBNIEHUS] NAaTOMOPONOrM4YecKNX M3MEHEHUI B NNYMHKAX UCMONb30BaNN 3MNeKTPOHHbIA Mukpockon (JEM-1400).
VMccnegoBaHusa  Hanuums  MUKpPOCMNOpUAUM Yy  KPOBOCOCYLIMX KOMapoB Buaa Aedes caspius Pallas, 1771,

BicHuk XapkiBcbKoro HauioHanbHoro yHiBepcuteTy imeHi B. H. KapasiHa
The Journal of V. N. Karazin Kharkiv National University
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A.M. Hacupos, E.K. Kacumos, H.E. I6parimoBa, ®.I'. P3aeB m
A.M. Nasirov, E.K. Gasimov, N.E. Ibrahimova, F.H. Rzayev

npoeedeHHble Hamyn B 2017-2018 . Ha TeppuTopun AbGliepoHa (AsepbanigxaH), BbIBUNIM CTaauu XXU3HEHHOTO
uukna mukpocnopuanin Amblyospora (=Thelohania) opacita Kudo, 1922. N3yyeHa ynbTpacTpyKTypa WHBa3MBHbIX
KMNETOK XO3siMHa M YCTaHOBIIEHO, YTO LUepoxoBaTas 3HAoMNnasMaTuyeckasi CETb MU MUTOXOHOPUMN KIETKM X03siMHa
KOHLIEHTPMPYIOTCS BOKPYr napasuta, obbem UMTOMMasMbl YBENIMYMBAETCS, HauMHaeTCcs rmnepTpodust KNeTok, B
JanbHenlWeM McYe3aloT LepoxoBaTasl dHAoMNMasMaTuyeckasi CeTb, >KUPOBble W MPOTEVMHOBbIE TPaHyrbl, YMCIO
pnbocoM yMeHbLUaeTcs B LMTONNasmMe W OAHOBPEMEHHO YBenuyMBaeTcs Mo nepudepun sigpa, Aerpagupyrot
MWUTOXOHAPUW, MPOUCXOANT 3aepkKa PasBUTUS NMUUUHOK. MUKpPOCNOpMANO3 HeraTUBHO AEWCTBYET Ha LMKI pPa3BUTUSA
KPOBOCOCYLLMX KOMapoB. BnuvsHue mwukpocnopuaui Ha opraHuaM Xo3siHa MPOSIBNSETCS B 3a4EepXKe pasBuTUS
NIMYMHOK WKW, MHOTAA, UX paHHewn rnbenblo. B nepBylo ovepenb NPOUCXOAMT MCYE3HOBEHME NUMUAOHBIX FpaHyr,
BEPOATHO, KaK pe3ynbTaT WMHTEHCUMMKaLUM npoLeccoB a3pobHoro metabonuama Xxo3avHa AN BO3MELLEHUS
3HEepreTnYeckoro yuiepba, HaHECEHHOro pa3BMBaOLLMMUCS NapasuTamu.

KnioueBble cnoBa: Kkposococywjue KOMapbl, JIUYUHKU,  MUKDOCTOpUOUU, U3BMEHeHUs 8  K/lemkax,
ynbmpacmpykmypa.

06 asmopax:

A.M. Hacunpoe — WHctutyT 3oonorum HAH AszepbangxaHa, yn. A. A6bacsage, npoesg 1128, ksapTtan 504, Baky,
AszepbangxaH, AZ1004, nasirov.a50@mail.ru, https://orcid.org/0000-0001-6991-0334

3.K. KacbimoB — AsepbaiimpxaHckuin meamuuHckuii yHusepeuteT, yn. C. BypryHa, 163, baky, AsepbangxaH, AZ1078,
geldar1949@gmail.com, https://orcid.org/0000-0002-5104-4260

H.3. Nbparumosa — NHcTnTyT 300norun HAH AsepbangxaHa, yn. A. Abbacsage, npoesg 1128, ksaptan 504, baky,
AsepbangxaH, AZ1004, ibragimova.n.e@mail.ru, https://orcid.org/0000-0002-4531-3823

.. P3aeB — WHctutyT 30omormm HAH AsepbangxaHa, yn. A. A6Gacsage, npoesn 1128, ksaptan 504, Baky,
AsepbangxaH, AZ1004; AsepbangxaHckun meamuuHckuin yHusepeutet, yn. C. BypryHa, 163, baky, AsepbangxaH,
AZ1078, fuad.zi@mail.ru, https://orcid.org/0000-0002-8128-1101

lNodaHo do pedakuii | Received: 14.10.2019

Cepis «Bionorisi», Bun. 35, 2020p.
Series “Biology”, issue 35, 2020



	Kilochitskiy P.Y., Shermet V.P. (1978). Microsporidia of blood-sucking mosquitoes of the north of Ukraine. Bulletin of Zoology, 1, 62–66. (In Russian).
	Lavchenko N.G., Issi I.V. (1973). Microsporidia of blood-sucking dipterans. Regulators of the abundance of gnats in the south-east of Kazakhstan. Alma-Ata. P. 42–64. (In Russian).
	Lavchenko N.G. (1974). The new host of the microsporidia Thelohania opacita Kudo, 1922. Proceedings of AN Kaz. SSR. Ser. biol., 4, 76–77. (In Russian).
	White S.E., Fukuda T., Undeen A.H. (1994). Horizontal transmission of Amblyospora opacita (Microspora: Amblyosporidae) between the Mosquito, Culex territans, and the copepod, Paracyclops fimbriatus chiltoni. Journal of Invertebrate Pathology, 63(1), 1...


