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ABSTRACT

BACKGROUND: Blood-sucking mosquitoes are carriers of many human vector-borne diseases caused by viruses, bacteria,
protozoa and helminths. There are the results of entomological studies of the Joint Russian-Vietnamese Tropical Research and
Technology Center.

AIM: is to study the generic and species composition of mosquitoes in South Vietnam before the rainy season, when mosquito
activity is low.

MATERIALS AND METHODS: The collection of arthropods was carried out from May 12 to 26, 2024 in two regions of South
Vietnam: the coastal mangrove reserve in the Can Gio area of Ho Chi Minh City, as well as in the Bu Gia Map Reserve of Binh
Phuoc province. Imago was collected by exhusters “on themselves” and from feeders, entomological nets from plants, as well
as inside and outside residential and outbuildings. The larvae were collected by filtering water samples from natural and arti-
ficial reservoirs where mosquitoes lay eggs. Arthropods were identified by morphological features.

RESULTS: The analysis of the collected material in two regions of South Vietnam showed that before the rainy season, mos-
quitoes of the genus Culex predominate 90.7%, mosquitoes of the genus Anapheles and Aedes account for 6.1% and 3.2%,
respectively.

CONCLUSION: Thus, in South Vietnam, at the end of the “dry season”, mosquitoes of the genus Culex predominate, adapted to
development in conditions of reduced breeding sites. The study of the mechanisms of functioning of parasitic systems involving
blood-sucking mosquitoes requires further research with the expansion of the research area. It is advisable to conduct ento-
mological monitoring in various landscape and climatic zones during different periods of the epidemic season.
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AHHOTALMSA

AxrtyanbHocTb. KpoBococyluue KoMapbl SIBMSIIOTCA MEPEHOCYMKAMM MHOXECTBA TPAHCMUCCUBHBIX 3ab0MieBaHUiA YeNoBEKa,
BbI3bIBAEMbIX BUpycaMM, baKTepusMM, NpOCTEALMMU U renbMUHTaMU. [lpefcTaBneHbl pesynbTaTbl 3HTOMOSIOMUYECKUX UC-
C/eL0BaHWi, NPOBOAMMBIX B COOTBETCTBUM C NaHOM paboTbl CoBMECTHOr0 POCCMIACKO-BLETHAMCKOrO TPOMMYECKOr0 Hay4YHO-
MCCneLoBaTeNbCKOro U TEXHONOMMYECKOr0 LieHTpa.

Lienb: npenBapuTenbHas oLeHKa CTPYKTYpbl pPO40BOr0 COCTaBa NEPEHOCHMKOB Hanbonee aKTyabHbIX M COLMABHO 3HAUYUMBIX
TPaHCMUCCUBHBIX UHEKLMA Ha TeppuTopui HDxHoro BoeTHaMa B Nepuoj, HU3KOW aKTUBHOCTM KOMapoB, NPeALLecTBOBaBLUNM
CE30HY JOXKIeN.

Matepuanbl n Metogpbl. Coop uneHncToHorux nposoguncsa B nepuog ¢ 12 no 26 Masa 2024 r. B aByx permoHax HxHoro
BbeTHaMa: npubpexxHbIii BrocdepHbI 3anoBeAHUK MaHrpoBbIX 3apocniei B paiioHe KaH 3bo (Can Gio) ropoga XoLMMUH,
a TaKKe TeppuTopus 3anoBeaHuKka by 3a Man (Bu Gia Map) nposuHumm buHb @eiok (Binh Phuoc). Otnos uMaro kposococy-
LUMX IBYKPbIbIX MPOBOAIICA MPU NOMOLLM 3KCTayCTEpPOB MeTOLOM «cbopa Ha cebex 1 ¢ MPOKopMUTENEN, C UCMONIb30BaHUEM
3HTOMOJIOMMYECKMX CAaYKOB C PacTEHWUH, a TaKIKe C BHYTPEHHUX M BHELLHMX MOBEPXHOCTEN HUIbIX M X03SMCTBEHHBIX MOCTPOEK.
MpeuMaruHanbHble cTagun cobupanuch nyTeM dunbTpaumu Npob Bofbl U3 eCTECTBEHHBIX M UCKYCCTBEHHBIX BOLOEMOB, NpU-
rOAHbIX Ans Bbinioga KoMapoB. NaeHTUdUKaLMIO UNEHCTOHOTUX NPOBOAUAM MO MOPDONOTMYECKUM NPU3HAKAM.
Pe3ynbTatbl. AHanus cobpaHHoro Matepuana B AByx pervoHax HxHoro BbeTHaMa nokasan, Yto nepes HavyanoM [0XAAM-
BOr0 Ce30Ha CPean KOMapoB — MepeHOCYMKOB Bo3byauTenel TpaHCMUCCUBHBIX 3aboneBaHni npeobnaaaroT Komapbl posa
Culex 90,7 %, Ha ponio KomapoB poaoB Anopheles v Aedes npuxogutcs 6,1 n 3,2 % cOOTBETCTBEHHO.

3akuioyeHmne. TakvM 00pa3oM, aHanM3 NoslyYeHHbIX JaHHbIX MOXET CBMAETENbCTBOBATb O TOM, YTO B pervoHax HxkHoro
BbeTHaMa BMA0BOM COCTaB NEPEHOCUMKOB Ha UCXO[e CYXOro Ce30Ha XxapaKTepusyetcs npeobnafaHneM KoMapoB poga Culex,
aflanTUPOBaHHbIX K Pa3BUTMIO U COXPAHEHWIO YUCIIEHHOCTM B YCITOBUAX COKPALLEHMS MECT, MPUroAHbIX Ang Bbinioga. Msyye-
HWe MeXaHW3MoB (YHKLMOHMPOBaHMSA Napa3nTapHbIX CUCTEM C y4acTUEM KPOBOCOCYLLMX KOMapoB TpebyeT fanbHeMLImx uc-
Cnefl0BaHui C pacLuMpeHneM ux 3oHbl. LienecoobpasHo npoBegeHne 3HTOMOOTMYECKOr0 MOHUTOPUHIA B Pa3/IUYHbIX JlaHA-
WadTHO-KIIMMaTMYECKUX 30HaX C Y4ETOM HenpepbiBHOrO Ce30Ha nepefayn BosbyauTtenei TpaHCMUCCUBHBIX 3aboneBaHNi.

Kniouesble cnoBa: Aedes; Anopheles; Culex; Culicidae; kpoBococyLwime KoMapbl; Manapus; H0xHbiin BoeTHaMm.
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BACKGROUND

Mosquitoes are widespread dipterous insects of the
family Culicidae, with over 3,500 species [1]. Adult mos-
quitoes have one pair of wings, three pairs of legs, one
pair of antennas, feelers, a narrow segmented abdomen,
and piercing-sucking mouthparts. Mosquitoes are insects
with holometabolous development, which includes the
egg, larva, pupa, and imago stages. Females need pro-
tein for the eggs to develop, which they receive through
blood sucking from mammals, birds, reptiles, amphi-
bians, and other animals [1, 2].

Bloodsucking mosquitoes are carriers of numerous
vector-borne human diseases caused by viruses, bacte-
ria, protozoa, and parasitic worms [3]. The main groups
of mosquitoes differ by the ability to transmit specific
pathogens. For example, mosquitoes of the genus Ano-
pheles are specific vectors for malaria, wuchereriasis,
Malayan filariasis, and o’nyong-nyong fever pathogens.
Mosquitoes of the genus Aedes are vectors for dengue
fever, chikungunya, Zika, Rift Valley fever, and yellow
fever viruses, as well as other tropical disease patho-
gens. Mosquitoes of the genus Culex play a critical
role in the transmission of socially significant diseases
such as Japanese encephalitis and West Nile fever [4].
Mosquito-transmitted diseases have a broad nosorange,
with tropical and subtropical regions being hyperendemic
for some of these dangerous infections [5]. According
to the World Health Organization (WHO), approximately
219 million cases of malaria are reported globally each
year, with more than 445 thousand fatal outcomes.
The annual incidence of dengue fever is 96 million cases,
with approximately 40 thousand fatal outcomes [6]. There
are no vaccines against the majority of mosquito-trans-
mitted diseases. Thus, vector control is one of the most
important measures of vector-borne disease control [7].

Vietnam is a tropical country in Southeast Asia with a
high risk of mosquito-transmitted diseases [8]. Despite
extensive malaria control measures, the disease has
not been fully eliminated in Vietnam. According to the
WHO Regional Office for the Western Pacific, Vietnam is
currently one of seven countries (Australia, Cambodia,
China, Laos, Malaysia, Singapore, and Vietnam) with the
highest incidence of dengue fever. According to the Mi-
nistry of Health of Vietnam, the incidence of dengue fe-
ver in 2023 was 171,585 cases, with 42 fatal outcomes;
in 2022, the incidence was 382,458 cases, with 115 fatal
outcomes. In the first quarter of 2024, there were ap-
proximately 16 thousand patients with dengue fever, with
one fatal outcome.

This study was performed in accordance with the
research plan of the Joint Russian-Vietnamese Tropi-
cal Research and Technological Center, as part of the
projects “Phase-related (seasonal) genetic changes in
Plasmodium falciparum virulence and drug resistance
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in the body of vectors: mosquitoes of the genus Ano-
pheles” and “Functional patterns of biological systems
involving flaviviruses in Southeast Asia.” During the first
stage of the research, it was planned to visit vector-
borne infection centers in Vietnam and collect blood-
sucking vector samples. The study provided for testing
the methods of collection, storage, and morphological
identification of insects for biological sample preparation
for subsequent molecular genetic testing.

Study aim: To perform a preliminary assessment of
the genus and species composition of vectors for the
most relevant socially significant vector-borne infections
in Southern Vietnam during the low mosquito activity pe-
riod preceding the wet season.

MATERIALS AND METHODS

The insects were collected on May 12-26, 2024, by
a joint research team, which included researchers from
the Military Medical Academy and the Southern Depart-
ment of the Russian-Vietnamese Tropical Research and
Technological Center (Table 2; Figure 1, a). The studies
were performed in two regions of Southern Vietnam.
The first study region was Can Gio district (Ho Chi Minh
City, 10°27'17.588"N 106°53'30.669""E). The district
is located in a coastal lowland, at the mouth of the
Saigon and Dong Nai rivers, within the Can Gio Mangrove
Biosphere Reserve. Mosquito breeding areas and adult
insect habitats around the Tropical Center station were
examined (Figure 1, b, c). The insects were collected
from coastal flooded mangrove forests, artificial water
bodies (irrigation canals, mollusc hatcheries), residential
and household buildings (houses, barns, etc.), and natu-
ral and artificial fresh rainwater reservoirs.

The second study region was the Bu Gia Map Na-
tional Park and the neighboring settlement in the Bu Gia
Map district of the Binh Phuoc province (12°5'22.878"N
107°9'26.866"E, 310 m above sea level). Hillside wood-
lands with rivers and small lakes, as well as infrequent
single-story buildings with various water tanks and
surrounding rubber tree plantations, were examined
(Figure 1, d). The settlement is likewise largely made
up of single-story houses with household buildings and
water collection and storage tanks. Some residents keep
livestock and poultry (buffalos, pigs, chickens).

Adult mosquitoes were collected outdoors in the eve-
ning, during their peak bloodsucking activity, using small
nets with a diameter of 20 cm. Moreover, the insects
were collected from hosts using exhausters, which were
also used to remove adult insects from nets (Figure 2, a).
To collect flying mosquitoes, ultraviolet light traps were
installed overnight near livestock barns and residential
buildings (Figure 2, b). Endophagous mosquitoes in resi-
dential buildings were collected from windows using an
exhauster and a special killing bottle.
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Fig. 1. Places of collection of vectors and malarial landscapes; a — district of mosquito collection: 1 — Can Gio, coastal district of Ho Chi
Minh City; 2 — Bu Gia Map district, Binh Phuoc province; b — agricultural irrigation channels, Kang Zyo; ¢ — flooded mangrove forests
of the coast; d — hilly area with a river network, Uezd Bu Za Map

Puc. 1. Mecta npoBeseHus cbopa NepeHOCUMKOB U MansipuoreHHble naHawadTsl; @ — palioHbl cbopa koMapos: 1 — KaH 3bo (Can Gio),
npubpexHbIii paiioH ropoaa Xowmmud; 2 — yesn by 3a Man (Bu Gia Map), npoBuHums BuHb ®blok (Binh Phuoc); b — cenbckoxo3sii-
CTBEHHble OpocuTeNbHble KaHanbl, KaH 3b0; ¢ — 3aTonnseMble MaHrpoBble fieca nobepebs; d — XONMUCTLIN PaiioH C PeYHOIA CeTbio,
Ye3p by 3a Man

Table 1. Characteristics of the entomological studies carried out and the volume of activities carried out
Tabnuua 1. XapakTepucTuKa NpoBeeHHbIX 3HTOMOJIOMMYECKUX UCCIEA0BAHUA M 06eM BbINOSHEHHLIX MEPONPUATHIA

Study methods and procedures Can Gio Bu Gia Map
Determination of the species composition 887 185
of malaria mosquitoes
Determination of the daily activity pattern of malaria mosquitoes 25 19
by human landing catches
Examination of control daytime rest sites of malaria mosquitoes 25 9
Assessment of the number of vectors in military camps 54 36
Examination of anophelogenous water bodies 46 12

Female mosquitoes were collected from daytime rest
sites on the walls and ceilings of residential and house-
hold buildings, as well as from plants near the houses.

Larvae were collected from nearby natural and artifi-
cial water bodies suitable for mosquito breeding (swamps
in mangrove forests, tree hollows, puddles, irrigation ca-
nals, mollusc hatcheries, rainwater reservoirs, discarded
containers filled with water, etc.) (Figure 3, a). Mobile

DOI: https://doiorg/ 10.17816/ rmmar637084

larvae were collected using a ladle; any extra water was
filtered through a sieve (Figure 3, b). The collected lar-
vae were placed in 20-50 mL transport containers with
a small amount of water.

Mosquitos caught with exhausters and traps were
treated with ethyl acetate. Following suffocation, im-
mobilized insects were placed on a light surface or in
a small container for sorting (Figure 4, a).
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Fig. 2. Methods of collecting imago: a — catching using exhausters and nets; b — light ultraviolet trap
Puc. 2. MeToabl cbopa MMaro: @ — OTJIOB C UCMOJIb30BaHWEM 3KCTayCTepoB W CaukoB; b — cBeToBas yibTpacdroNeToBas J0ByLLKA

a b

Fig. 3. Collection of mosquito larvae: @ — artificial house pond
with larvae; b — use of a ladle and strainer to filter water with
larvae from a house well

Puc. 3. Cbop SIMYMHOK KOMapOB: @ — WCKYCCTBEHHbIW Npu-
LOMOBOW BOLOEM C JIMYUHKaMW; b — ucnonb3oBaHMe KOBLUA
M cuTeYKa AN GUAbTpaLMM BoAbl C IMYMHKAMM U3 MPULOMOBOTO
Konopaua

To preserve the morphological characteristics dur-
ing sorting, special entomological tools (tweezers,
preparation needles, etc.) were used. The selected in-
sects were placed into special boxes with a cotton wool
layer. Samples intended for subsequent molecular ge-
netic testing were preserved in test tubes with 70%
ethanol. The larvae were preserved in alcohol (Figure
4, b). Entomological magnifiers 10x and 20x were used
to identify mosquitos in the field. Standard methods
were used to identify the genus based on morphological
characteristics.

RESULTS AND DISCUSSION

The research team collected bloodsucking mosqui-
toes on May 15-18, 2024, in the coastal district Can Gio

DOI: https://doiorg/ 10.17816/ rmmar637084

Fig. 4. Morphological identification and storage of collected mate-
rial: @ — pickling of captured imagoes with ethyl acetate with sub-
sequent identification; b — sorting and marking of collected larvae
Puc. 4. Mopdonornyeckas uoeHTMdMKaLMA U XpaHeHWe cobpaH-
HOro MaTepuana: @ — 3aMapuBaH1e 3TUNALLeTaToM OT/IOBMEHHbIX
“Maro ¢ nocnepytLLei MaeHTUdUKaLmeit; b — copTpoBKa u Map-
KMPOBKa COBPaHHbIX JIMYNHOK

(Figure 5, a—d). Table 2 shows the current genus compo-
sition of mosquitoes.

Adult insects accounted for 54.6% of all collected
mosquitoes. Culex was the most common genus (76.7%),
followed by Anopheles (19.1%) and Aedes (4.2%). Aedes
larvae were not found, while Culex larvae were the most
commonly detected. Mosquitoes of the genus Anopheles
at various development stages were most likely more
prevalent than Aedes (11.4% vs. 2.3%) due to the great-
est number of suitable breeding areas in the examined
region.

In total, 736 samples were collected over four days in
the Bu Gia Map National Park and the neighboring settle-
ment (Figure 6, a—f; Table 3).

Unlike the first region, there were no significant dif-
ferences in the proportion of collected insects between
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Fig. 5. Survey of residential buildings in the Can Gio area: @ — collection of larvae from rainwater tanks; b — survey of areas with
standing water; ¢ — adults during the day; d — plants in the local area with mosquitoes on the leaves

Puc. 5. 06cnenoBaHue xunbix 4omoB B paiioHe KaH 3bo (Can Gio): @ — cbop NMUMHOK 13 pe3epByapoB C JOXAeBON BOAOH; b — obcne-
[L0BaHMe MecT CO CTosYel BOLOM; C — UMaro Ha AAHeBKe; d — pacTeHus Ha NpUAOMOBOI TEPPUTOPUM C KOMapaMm Ha JIUCTBe

Table 2. Distribution of vector mosquitoes collected in the coastal area of Kan Zyo by genera and stages of development
Tabnuua 2. PacnpeseneHne KOMapoB-NePeHOCYNKOB, COBPaHHbIX B NpuBpexHOM paitoHe KaH 3b0 No poaaM 1 CTaansM passutis

Mosquito development Collected mosquitoes by

Mosquito genera

stages development stage Culex Anopheles Aedes
Imago 283/54.6% 217/76.7% 54/19.1% 12/4.2%
Larva 236/45.4% 231/97.8% 5/2.2% -
Total 519/100% 448/86.3% 59/11.4% 12/2.3%
Table 3. Distribution of vector mosquitoes collected in Bu County for Map by birth and stage of development
Tabnuua 3. PacnpeseneHune KoMapoB-nepeHoCHMKOB, cobpaHHbIx B ye3ae by 3a Man, no pogam 1 ctagusaM passuTus
Mosquito development Collected mosquitoes by Mosquito genera
stages development stage Culex Anopheles Aedes
Imago 463/62.9% 423/91.6% 12/2.6% 28/6.0%
Larva 273/37.1% 267/91.8% 6/2.2% -
Total 736/100% 690/93.8% 18/2.4% 28/3.8%

Anopheles and Aedes (2.4% vs. 3.8%), with Culex being
the most prevalent genus (93.8%).

The analysis of materials collected in two regions of
Southern Vietnam revealed that mosquitoes of the ge-
nus Culex were the most prevalent carriers of vector-
borne disease pathogens (90.7%) before the start of the
wet season, while Anopheles and Aedes accounted for
6.1% and 3.2%, respectively (Table 4). The proportion

DOI: https://doiorg/ 10.17816/ rmmar637084

of mosquitoes of the genera Anopheles and Aedes will
probably increase when the high-intensity transmission
season begins.

However, it should be noted that our data only cover
a limited period of the epidemic season. Thus, they do
not represent the annual genus and species composi-
tion distribution of mosquitoes transmitting vector-borne
infections.




ORIGINAL ARTICLES

Vol.43 (&) 2024

Russian Military Medical
Academy Reports

Fig. 6. Survey of residential buildings in the Bu Gia Map Nature Reserve and the adjacent commune: a — collection of mosqui-
toes in houses in the reserve; b — study of a tree hollow with stagnant water; ¢ — buffaloes that feed blood-sucking mosquitoes;
d — collection of larvae from a container with rainwater in the backyard; e, f — inspection of yards and houses in the commune, col-

lection of mosquitoes during the day

Puc. 6. 0bcnenoBaHue Xubix JOMOB Ha TeppuTOpUM 3anoBefHKKa by 3a Man (Bu Gia Map) u npuneratoLLent KoMMyHe: @ — cbop KoMapoB
B LOMax Ha TeppuTOpUM 3anoBefHWUKa; b — uccnef0BaHWe lynna iepeBa co CTosuel BoLoW; ¢ — OyiiBONbI-NPOKOPMUTENW KPOBOCOCY-
LMX KoMapoB; d — cbop JIMYMHOK M3 EMKOCTU C LOXAEBON BOLON Ha 3aAHEM ABOpE; e, f — 06xop, [BOPOB M JOMOB B KOMMyHe, cOop

KOMapoB Ha fHEeBKaxX

Table 4. Distribution of vector mosquitoes by birth, by birth and stage of development collected during the entire expedition

Tabnuua 4. Pacnpen.eneHMe KOMapoB-NepeHOCYNKOoB C06paHHbIX 3a BCe BpeMd 3Kcneauumm no ponaM v ctaguaM passutua

Mosquito development Collected mosquitoes by

Mosquito genera

stages development stage Culex Anopheles Aedes
Imago 746/59.4% 640/85.8% 66/8.8% 40/5.4%
Larva 509/40.6% 498/97.8% 11/2.2% -
Total 1255/100% 1138/90.7% 77/6.1% 40/3.2%

CONCLUSION

The study findings indicate that the species composi-
tion of vectors at the end of the dry season in Southern
Vietnam was dominated by mosquitoes of the genus Cu-
lex, which are well-adapted to development and popula-
tion maintenance with limited areas suitable for breeding.
The functional mechanisms of parasitic systems involving
bloodsucking mosquitoes requires further research with
expanded study areas. Entomological monitoring under
various terrain and climatic conditions throughout the
transmission season of vector-borne disease pathogens
will be beneficial.
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AOMOTHUTENIbHAA UHOOPMALNA

Bknap aBsTopoB. Bce aBTOpbl BHECNW CYLLECTBEHHLIA BKMAA
B MPOBELEHWe MCCefoBaHUA WM MOLTrOTOBKY CTaTbM, MPOYIU
1 0806punn GuHanbHY Bepcuio nepes nybnuKauuen.

®uHaHcupoBaHue. oncKoBo-aHanMTUYecKas pabota npose-
[eHa Ha JIMYHble CPeACTBa aBTOPCKOTO KOMNIEKTUBA.

KoHdpnuKT uHTepecoB. ABTOpbI AEKNApUpYlT OTCYTCTBUE
AIBHbIX W MOTEHUMANbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX
¢ nybnnKaLmeii HacTosLLei CTaTby.
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