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Kenya is among the most affected tropical countries with pathogen transmitting Culicidae vectors. For decades,
insect vectors have contributed to the emergence and distribution of viral and parasitic pathogens. Outbreaks and
diseases have a great impact on a country’s economy, as resources that would otherwise be used for
developmental projects are redirected to curb hospitalization cases and manage outbreaks. Infected invasive
mosquito species have been shown to increasingly cross both local and global boarders due to the presence of
increased environmental changes, trade, and tourism. In Kenya, there have been several mosquito-borne disease
outbreaks such as the recent outbreaks along the coast of Kenya, involving chikungunya and dengue. This
certainly calls for the implementation of strategies aimed at strengthening integrated vector management
programs. Here we look at mosquitoes of public health concern in Kenya, while highlighting the pathogens they

have been linked with over the years and across various regions.

Aedes Anopheles Culex Mansonia pathogens

| 1. Introduction

The term “vector-borne” has become a commonly used term, especially in tropical and subtropical countries where
emerging and re-emerging vector-related diseases frequently occur. One-sixth of human diseases is associated
with vector-borne pathogens, with approximately more than half of the global population currently estimated to be
in danger of contracting these diseases [1]. Hematophagous mosquitoes are the leading vectors among arthropods
because of the significant role they play in disseminating microfilariae, arboviruses, and Plasmodium parasites that
seem endemic to sub-Saharan Africa [2,3]. The majority of these pathogens are maintained in zoonotic cycles and

humans are typically coincidental dead-end hosts with a hone-to-minimal role in the cycle of the pathogen [4].

Mosquito vectoral ability is greatly influenced by the availability of conducive breeding grounds, which is in turn,
influenced by the spatial heterogeneity as well as the temporal variability of the environment [5]. Mosquitoes,
pathogens, and hosts each endure and reproduce within certain ideal climatic conditions and changes in these
conditions can greatly alter these pathogen transmission/competences. In this scope, temperature and level of
precipitation are the most influential climatic components, but other factors such as sunshine length, sea level
elevation, and wind have been shown to have considerable effects [6,7]. These vectors often adjust to changes in
temperature by changing topographical distribution. For instance, the advent of malaria cases in the cooler regions
of East African highlands may be attributed to climate change, which has led to an increase in mosquitoes in the
highlands as they warm up [8]. Variability in precipitation may also have a direct influence on distribution of

mosquito-borne diseases. When precipitation increases, the presence of disease vectors is also expected to rise
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due to the expansion of the existent larval habitat and emergence of new breeding zones [6]. Each mosquito
species has unique environmental resilience limits dependent upon the availability of favorable aquatic larval
habitats and the closeness of vertebrate hosts that serve as their source of blood meals. This reliance of mosquito
species on aquatic environments is a constant part of their lifecycle and the availability of a suitable aquatic
domain, which is a requirement for the development of eggs, larvae, and pupae, and basically determines the

abundance of mosquito species.

Kenya represents a topographically diverse tropical/subtropical country which harbors a large diversity of mosquito
species of public health importance. Many factors contribute to the extensive proliferation of mosquitoes ranging
from global warming, sporadic floods, improper waste disposal, irrigation canals, presence of several lakes/rivers,
and low altitudes around coastal regions. Consequently, an upsurge in emerging and re-emerging mosquito-borne
pathogens over the years has been recorded with increased research efforts geared towards mosquitoes and their
pathogens [9]. Increased urbanization, tourism, and international trade have led some of these species and
pathogens to cross local and international borders to new territories. This dispersal poses both local and global
health threats if proper mitigation measures are not put in place. Nevertheless, not all mosquito species are
associated with human diseases, thus, this review highlights species of the main mosquito genera to which
pathogens have been associated/detected and their countrywide distribution based on published data and reported
cases. Additionally, this information provides a guide to proper mosquito control strategies by comparing the
methods currently applied in the country and proposed alternative methods applied in other countries affected by

mosquito disease burden.

| 2. Mosquito-Borne Disease Endemic Regions in Kenya

Kenya, as a tropical country, is among the most affected sub-Saharan regions with mosquito-related ailments. The
countrywide distribution of mosquito species is, however, not well documented with most studies focusing on
disease endemic regions. Some of these regions include Garissa, Mandera, and Turkana situated in the north and
north-eastern parts of the country and characterized as arid and semi-arid regions (Eigure 1A). During rainy
seasons, flood water acts as breeding areas for mosquito species. Rift Valley fever outbreaks were recorded in this
area in 1997/98 and 2006/07 [10,11]. Other viruses reported from the regions include West Nile virus (WNV),
Ndumu virus (NDUV), Babanki virus (BBKV), and orthobunyaviruses isolated from the flood
water Aedes and Culex species [4]. For decades, the coastal region of Kenya (Kwale, Kilifi, Mombasa, Lamu) has
also reported multiple outbreaks resulting from mosquito-borne pathogens making it one of the most endemic
regions. The contributing factors are majorly the low altitude which provides a conductive environment for mosquito
breeding and high human population composed of both locals and global tourists. Mosquitoes of interest in this
coastal region in terms of pathogen transmission include: Aedes aegypti that transmits dengue fever and
chikungunya [12,13]; Anopheles species (Anopheles gambiae, Anopheles arabiensis, Anopheles
funestus, Anopheles merus) which are associated with malaria and bancroftian filariasis sporozoites [14,15],

and Culex quinquefasciatus [16] among others as demonstrated in Figure 1A—C.
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Figure 1. Mosquito-borne disease endemic regions based on distribution of pathogens and associated mosquito
species (maps were constructed using the free and open-source Quantum GIS software (https://qgis.org/en/site/)
using data compiled from Table 1 and Table 2. (A) Abundance of mosquito-borne viruses detected/isolated in

various counties. (B) Distribution of the major malaria vectors in numbers in different counties. (C) Counties in

which Wuchereria bancrofti has been detected from mosquitoes.
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Table 1. Summary of the main mosquito species in which viruses have been detected/isolated in Kenya.

Genera Species

Aedes A. aegypti
A. africanus
A. albicosta

A. circumluteolus

A. fryeri

A. fulgens

A. keniensis

A. Luridus

A. mcintoshi

Virus Isolated/Detected 1

DENV, CHKV

YFV

DENV, CHKV

RVFV, BBKV, NDUV, SMFV

DENV

DENV, CHKV

YFV

NDUV

RVFV, NDUV, PGAV, BUNY,
BBKYV, PGAV, SMFV, NRIV

DENV, CHKV

County of Virus

) Reference
Detection
Mombasa,
Mandera, Kilifi, [12,13,33,55,57,58]

Lamu, Busia

Baringo, [59]

Mombasa, Kilifi,

[33]
Lamu, Kwale
Garissa [4,36]
Mombasa, Kilifi,
[33]
Lamu, Kwale
Mombasa, Kilifi,
[33]
Lamu, Kwale
Baringo (59]
Tana River [4]
Garissa [4,11,36,40]
Mombasa, Kilifi,
[33]

Lamu, Kwale
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Genera Species

A. ochraceus

A. pembaensis

A. sudanensis

Anopheles An. funestus

An. gambiae

An. squamosus

Cx.

bitaeniorhynchus

Culex

Virus Isolated/Detected *

RVFV, NDUV, BUNYV, BBKY,
SNBV, SMFV

DENYV, CHKV

RVFV

DENV, CHKV

BBKYV, SNBV, WNV

NDUV

ONNV

BUNV

NRIV

BUNV

RVFV

RVFV

NDUV

County of Virus
Detection

Garissa

Mombasa, Kilifi,

Lamu, Kwale

Kilifi

Mombasa, Kilifi,

Lamu, Kwale

Garissa

Tana River

Kisumu

Kajiado

Tana River

Homabay

Garissa

Kilifi

Tana River

Reference

(33]

4]

(33]

(36]

(39]

[59]

(4]

(20]

(11]

(1]

(39]

https://encyclopedia.pub/entry/69

5/17



Mosquitoes of Etiological Concern in Kenya | Encyclopedia.pub

County of Virus

Genera Species Virus Isolated/Detected * ] Reference
Detection
Cx. cinereus NDUV Busia [4]
Cx. pipiens usuv Kisumu [4]
NDUV Garissa, Tana River [38,39]
Cx. poicilipes RVFV Kilifi [11]
Cx. ) )
) ) RVFV Baringo, Garissa [11,60]
quinquefasciatus
WNV, SNBV Garissa [36,60]
Cx. rubinotus NDUV Baringo [4]
Cx. univittatus RVFV Baringo [11]
BUNV Homa Bay [20]
West Pokot,
SNBV [4,37,61]

Nakuru, Busia

Garissa, Turkana,

WNV 4,61
West Pokot 461

Cx. vansomereni NDUV Tana River [39]
BBKYV, SNBV Nakuru [4,37]

References
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County of Virus

Genera Species Virus Isolated/Detected * ] Reference anline:
Detection
4 March
Cx. zombaensis RVFV Nakuru [62]
-borne
BBKV Kiambu [4] 11, 29,
Nakuru, Baringo, i
Mansonia Mn. africana RVFV ) 2 [11,60,62] \vailable
Garissa )19)
sila, L.;
NDUV Baringo [4] sin
-10-140.
Mn. uniformis RVFV Baringo, Garissa [40,60] he
)879.X.
NDUV Baringo 36
g (36] nge

~

https://www.who.int/globalchange/publications/

(Zégglrg:aj?ﬁg ggacnh%%g&%l;e(gcg)?sg&gxowﬂﬁl Mgrgggn?aql%?bbreviations: DENV—dengue virus, CHKV—
Gilsingubympast RV BlimRie \Ghanigecnithe Shaba-Eaviranvines)tRewWAsBociateditdsBaNealth. Res.
Burd@b8yd&ra e4038B rioV1LEB 423 6d0ails, SINA@346emliki Forest virus, NRIV—Ngari virus, YFV—yellow fever

Y Rerdan Ve Reka, Bog. Maranasn ESstAfican highianas dunng e sast ¥8 AR Impact of
environmental changes. Physiol. 2012, 3, 315, doi:10.3389/fphys.2012.00315.

10. Owino, E.A. Aedes mosquitoes and emerging neglected diseases of Kenya. Int. J. Mosq. Res.
Tabje 28Sgmyapgaithsgigminant malaria and Bancroftian filariasis mosquito vectors distributed in Kenya.

1

) Associated Dominant Mosquito ) o
Parasite ] ) Counties of Vector Distribution Reference
Human Ailment Species a,
An. gambiae s.s., An. 71,75,81,93,94 .
1 Plasmodium Vialari J biensis. A wale. Kilii : = H.
alaria arabiensis, An. wale, Kilifi .
falciparum ymologic

funestus, An. merus

1 A
An. gambiae ss, An. Taita-Taveta, Lamu, Kajiado, .
o , ymologic
arabiensis, An. Embu, Nakuru, Baringo, 81
funestus Bungoma, Kirinyaga, Kiambu, '
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1 _ Associated Dominant Mosquito _ o
Parasite . ) Counties of Vector Distribution Reference
Human Ailment Species
1 Busia, Siaya, Kakamega,
1 Vihiga, Homabay, Migori, Kisii, : Beier,
Kisumu, Nandi . .
sation in
An. gambiae ss, An. .
1 g o Narok etics of
arabiensis
1 An. arabiensis, An. Tana-River, Makueni, M
funestus Machakos, Trans-Nzoia A, M
1a.
Samburu, Isiolo, Garissa,
1 An. funestus Mombasa, Uasin-Gishu, Victoria
Nyamira
2 An. arabiensis Turkana T,
nds and
An. gambiae ss Tharaka-Nithi
2 _ Indance
) ) An. gambiae sl, An.
Wuchereria Bancroftian o 8.
) - funestus, Cx. Kwale, Kilifi, Lamu [50,91,95]
bancrofti filariasis ] ]
2 quinquefasciatus

mosquitoes from islands and mainland shores of Lakes Victoria and Baringo in Kenya. PLoS
Negl. Trop. Dis. 2018, 12, e0006949, doi:10.1371/journal.pntd.0006949.

Zé.er%‘rlél:lQ‘hAA\A&)JHeII(e%F@PCHé;XQmondi, R.; Okurut, T.; Matano, A.; Jembe, T.; Abila, R.; Boera, P,
Gichuki, J. Relative abundance of mosquitoes and snails associated with water hyacinth and
hippo grass in the Nyanza gulf of Lake Victoria. Lakes Reserv. Res. Manag. 2010, 15, 225-271,
doi:1111/j.1440-1770.2010.00434 .x.

JAOPUERIRRACS SHASE BVERFR S RaR ot dS 8RS OV aRVARL & R G I A RS e RN G2

LakE 151813 ARk a9oqUS ARG ARV AL PR IR A QIS RS SRS e R fever
e R A AP P g O B R A PRI SRR B ORI MOS8 2034 5 'F9IR %40,
[4-1(?0%%_%911Tff/fiv§&%tzl?fg%'§6|f§n]]_%%fnd swampy areas around the lake regions throughout the year is

among the factors favoring the high diversity of mosquito species [18,21]. A study by Lutomiah et al. [22] which

231l nih et BErs PSR PRFESOBnd Hliie BRRItBSs: ak\RkPinE Mo ARV IMs QeiaR8 Ry dssociated

O’guinn, M.L. Vector Competence of Kenyan Culex zombaensis And Culex quinquefasciatus
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thisrabsogataesddidRift Aaielyc breldondisng. tAarprédesce Gionigaltdytneis2 0ther2ake3ég8ied82) Kenya that
aredopba29 87 m64Guito-related studies include areas around Lake Naivasha [23,24], Lake Bogoria, and Lake

Z%a@{#éﬁgé%(gg%%&é%s Ruder, M.G.; Kariithi, H.M.; Linthicum, K.J.; Anyamba, A.; Small, J.L.;
Tucker, C.J.; Ateya, :!fla%é; %Qko, AA.; et al. Rjft VaIIegsﬁ]%ggrbgéﬁlﬁé\gg%é\godel grg]e%grgr%%valence

Over the years, several m arbovirus seropositive cas In Ka usia

in Wild Un mels from Kenya, PL NE 2 2
Iocéte§?n?ﬁ(teev9estércrj1 %)Jar é# tgr?yg %%ﬁ%n e? stu 3? cgr?ducte%sln%OIB, I?a]k?é’mBe’g%(saGn% BGleia showed high

doi:10.1371/journal.pone.006662
numbers ofl poten{% ar 0\[/)|rus vectors, W%‘I A. aegypti at 91.8% and 45.6%, respectively, of the total mosquitoes

2cbli€ctad iftheQkekagidvs [Abjakdnitanblly, Tebayihds. b¥emndée G vorshipxafptniepvelestgamibiaBusia
[4). sekamstaci clibapdesahGaticidae) hahgtepireddestie nnokemyegthghlghalFibeegtaMiedstHikednaol. 2005,
infldehc2 #0217 Kattambg 4l 093 janh exdiefnté42vih2d’ Busia is known to experience warm temperatures (annual mean

28MBREESEE. B Brame P S R A eSS A R e O O S it I e B A fAtects

TSR te 6. 8812076, 46T I300/nsects6040961.

| 4Ol of e AR MESJUIES Gnsta st Uslic Heltn
HOHARE I Kehya At Thir Gedgraphical Distribition
30N BFad MOSRiR BRSNS SBREIEY. Wi BN SLGoMES I B IORSIRNO UG 0B GIScASEaH the
Angpifippikeder2600 Mamsepia) aysiseHatRdIRelnurasE deWPHIOINEgY aThap "BIBlY BED, BIEaD D7
disepsie1®NdiT/jediens pHt@DaesBIRS outbreaks. These data are summarized in Table 1 and Table 2.

|
He

34 1Mygefe D ; Rodriguez-Morales, A.J.; Levi, J.E.; Cao-Lormeau, V.M.; Gubler, D.J. Unexpected
outbreaks of arbovirus infections: Lessons learned from the Pacific and tropical America. Lancet

AeqasgeRTERS N DD 18N UL e BSHIEG &1t dsire OriaNBly $1478-B0OS{t8) 30¢ 69b)opical mosquito species but

have now been reported in almost all E)arts of the world apart from Antarctica. Thisdgenus comprises over 950
32. Carrington, L.B.; Simmons, C.P. Human to mosquito transmission of dengue viruses. Immunol.

species nosmggy identified by their black and white body coloration, preferential breeding in open water containers,

2014, , d0i:10.3389/fimmu.2014.00290. ) ) . .
and their daytime feeding, especially mornings and evenings [28]. Much interest in these mosquito species has

Senhairpioliidii MackayiafpdveSantisgohvidises uoseige iy B Nibe ) dmdce Parexidiaddiands of the
soulhikasiaid v dowtes I fsisCal primary Acoredof, MicKehe s, faheloal—Ghatasiarisiogeitifedergieendemic
derpuitbresioie]raste feaeifiwitslandiobaireciBagrlu aitbe Glaishataksaswbe&01ikedd AeRdaS
outedHE 2410 dn @1 legibAmndaitAér. badifd auunad. BoELD B384 hegypti and A. albopictus of African and Asian

19 LRRBF N O/ SRRAMTE D EE K RYARAB AN/ SHTRR R BN E R HRGore,
chiungun, JRTHES RS YSBRING Ve £ B SRELRARON RIS 2Rl BobrarsAbUTSR HSHE AP WRus
RS I B B P St A DTS S AR S0 T A0S 4 795 10 B SR 1R DR 4H'S!
transmission, and sexual mating [28,33].

35. Ngala, J.C.; Schmidt Chanasit, J. Entomological Coinfections of Arboviruses Dengue and

Keryhikaimgtinya ¥ itisesoaddrgetel eeadPadesf Kenyawhlosou Bie$ bd0dd a8, hhve been associated with

the Gpred D841t Ak85e8. BBGhportant species is A. ochraceus which is highly distributed in the arid regions
o3 RIS A KRMAGRY A9 1B EPE ™ ShBIRIeH  RInGUSLBY DY b NRHSLRER TSRS, .

® |\S/EriBﬁ%%?1k'aVr'1r ‘Qdf\l?eBrlé\lﬂlg bésvvérc %@c‘ﬁwif? Qf’aﬁ'é%’/“ 5{,5%”3 c%ﬁ’cb”ﬁ&sll}q/@é (')nckh?nrg Efent routes in

[4,11,34,35,36,37,38]. Additionally, this species has also been reported to be associated with RVFV, dengue virus
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(DEN®)nanthesikteguyzvecoastH KeYions aftd eoyatid3 gragite SKVECoomBaSD L ani2941 1,33,39], and some
parchodfif tha S@/sik80réLi01 B2)9A&dks mcintoshi and A. sudanensis are also important arbovirus vectors
SPRRBAMLSPBIEY BEgESL AT BT e e b A R ARAR S IR e
oo epae e g o aipies oAy Sl e e"PE‘S%HeCmEeOf RIBRYITS D S
ol 4 RS B A A Rl B B e B ks b
o I 305 SR8 BB SRR SRR o

kemens:s sampled from Barlngo county represent the onIy field coIIected Aedes spp. in which successful yellow
3RvEARE]SFV hadhb etk iiMiakerdya BIONRFsIEBTer] otNiIgEdBs f5poyipss surveillance of

as MORAMIOLSCRIseineiab $iies SlArtiveripiie/rRiay RV WRES/ rRNSIBISHI HIR iéld 48R%ToH Rded.
beeﬁﬁ&@@é@[@_@%‘ﬂ& 961-964, doi:10.1603/033.046.0431.

39. Sigei, F.; Nindo, F Mukunzi, S.; Ng’ang’a, Z.; Sang R. Evolutionary analyses of Sindbis virus
AL ARY RIS %VS‘?O&' 68‘3}%%%“9/5“ Y2818 0§ 5 DA EE S ARG i1 8871406 Y05-018-
dist,éig%t&dsl.n Kenya [4 33 ,44] but not uniformly, with more occurrence being recorded in the lowlands [22]. It exists
in two forms that were found coexisting sympatrically in Rabai, along the coast of Kenya [45]: the domestic, light-

AQ1bEEPMigkl bt QHAIHE add IHEUAGHIR 1458888 rONaBYRA, MRFted d5AnsrBkisl AN dvRddiNaRHS in
mofpHERGRIAIBRR dAtIE G fakd GElaRI MPsaihionm CRlRCiRd aadAbKasn Maskikadamel ndditmabr A,
aeg}@ﬂﬁ@}%ﬂﬁ&@@e@%ﬁ@ﬁé&@%mental time and indoor breeding tendency of the domestic form as

£APP8sER IoRhe| AnesRiagh Sy Vala A aviagslnbreedia fpesik dgeeioles A AfHEIAP. WHYAIES S 1 aIBEHRE-
[47 RIn AN TR BYRE Erf, SSCUEE AR L REGY AR Arid Y2HRTAIP O AAPRY TS I3RG ABYRHFHES WG Hitation
In WeRiet IR RIRITAHSBY RIS BSiRG VeIt teelepHslionelr GieSTARNCRIDE IsasefiRyninantly
Z00RBHGAS RIBPEFASAIBE SPT9SEAYRBOMASD PERIF 0110957 R RYgod meals.

IR pitl ABUAR atlonAIMRATh, RcilViasios, b indriade n oM @ibnTeSlic £HATHBmhibARINEHEhAS 1éd BRGoR -
ecoRgiedl MredAnabmia RIS L2e1REHaD RBHRR IR MAREH 088 JypesiRddr YERG kiR o
threti R il /Gds) drieN &I ER B A dNdSEINY 3 MRUIAE BAHeLQMNALGR ISt o ddyrBa4hi® B fiman-
mad@idRARA8ARE LN SBak8hducive breeding sites to these vectors [12,49,50]. It is, thus, evident that if

£5TeSUNRIEEIOECINUQIATIRCAIS AR CPRNCRLIE @le ALRIRAYIUEHKGSRA ANSISTRINRL 8! 1 ropp,
Increage. RepeHALHEUNATRERISP.; et al. First recorded outbreak of yellow fever in Kenya, 1992—

1993. Il. Entomologic investigations. J. Trop. Med. Hyg. 1998, 59, 644-649.
Sporadic arboviral disease outbreaks associated with Aedes spp. have occurred over several decades in Kenya of

AfniENiSorReRave aRewR dendi B idsr Hig@Ssame Wa RSP Pofiionslieyy EuRIpErNds sitRCRREDIHtYoeh
(MdN¥RINBaSItR ¥BARIQ5S oM KRN RicRaBbARICAENT8S), BrRdYedhoY DR Zed N8 B8iin38anties)
[Q,@)_@'ﬂ:;]@fél-%@@-%%@nm-3@@%@@9@Qéarissa, north-eastern) [10], 2006—2007 (Garissa and Baringo) [11], 2014—

A AP EotERRHRIA) RACRYIBRIRYEER Eiaid 283, (KGuR NalieyTRibVateykedang [l BAHGIY It tor
200kt AERSEH AGRNY BRInfat&d Mafaldd B 1taRRIS M 2R Uit s3I YBme rant sasia) eripn) [13].

chikungunya virus. PLoS Negl. Trop. Dis. 2018, 12, doi:10.1371/journal.pntd.0006746.
3.2. Anopheles

46. Sang, R.; Arum, S.; Chepkorir, E.; Mosomtai, G.; Tigoi, C.; Sigei, F.; Lwande, O.W.; Landmann, T.;
This\6RjeRiBIFOMPTIRATIASIAUEP SPEORTBRIRIA SBMRMBUNHSREEBPXIRADES SHTRIFFVEIBYDGRlPEYaN,

discrete black and white scales located at the wings and a characteristic resting position (stomach area pointing
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upvadhus) ERlo0vase60 o ete agddly [digt hebooectigdzau lenga thLo& |1 egih ApproXDistd( Y% 11,
knoe@0053dhE mitaP/aEh ki parasitgsrtch 0058 4dalaria in humans [64]. Malaria is endemic in 91 countries,
APl P R B oS A O And S P re st B KEHL AT h AR sa it
2O RSER S S TR BSra o BRIF 261 8 1B o1 3 o TG B 8B A 857 Ha3dk Out of
these, Africa accounted for the most cases and deaths (92% and 93%), respectively [65].
48. Yalwala, S.; Clark, J.; Oullo, D.; Ngonga, D.; Abuom, D.; Wanja, E.; Bast, J. Comparative efficacy

Afrioh éxigting tsunves! lanc e 40 clsojgrefed egcaiegyptivihidiVestef thKierya.pvecignecols 210 b e, 3 dsites
(P. Biltipatoil @. MvEk/jPeava2) 6Bd P. malariae) [66,67]. They include Anopheles gambiae, Anopheles

AR A BRI R A NG S N ORRSARaY '8 AP B IR G URZ A e RIS ..
O Rk 8 TR o B S T R B R A S A B B R SRS gy P PR GSHRR R rural
Ve AR B e e o e rar A in st P Ay A BT B8 SR BT 712" dBT B £
phaég?ﬁsés.féwgﬁﬂj ziemr':mni We{ﬁg)éjgr} _jLo harbor the malaria parasite P. vivax in Ethiopia at irrigated rice

urnal.pone
plantations [69]. In Tanzania, An. ziemanni, An. Coustani, and An. squamosus have also been linked to malaria

SPareRERR &S sec Ry Jectt@afli, A.B.; Spitzer, S.A.; Lutomiah, J.; Sang, R.; Ignell, R.; Vosshall,
L.B.; Evolution of mosquito preference for humans linked to an odorant receptor. Nature 2014,
In Kellya 222612 e s0kyipl Grk @384)at uoatS964d the public health sector due to their role as malaria transmission
SORHSHEA P BERGIE: Y RUOIa 8L 8ldEeh A SRS R BT B I98h, HeLe S R8s,
higiéis,tfgglg_%ﬂbﬁses (70%) with the Rift Valley highlands (45%) and Kenyan coast (22%) coming in at 2nd and
3rd, respectively. Each year, approximately 3.5 million new malaria cases and 10,700 deaths are recorded, with
520 icHeiainh At Mri Y AAGR By el B SR ke disddle phevani, P Irungu,
L.W.; Mukoko, D.; Vulule, J.; Kitron, U.; et al. Characterization and productivity profiles of Aedes
Theamgirptetto)yvemdingaalbitaim aariogs theadandnbizanctamosg #pegambstesn/andadc#stds Kenya.
mekay asiiets\Vieotms 2 Thésd 0ad3iit dibfd0.2/ESmiedidt fi@iiteR fth-0. falciparum being the most common,
SOFBRLS” ARl SRR SRR 05 SRBG KRR BB arRien I AR REmac e e
shox%tg’cgﬁéi?b@/é‘rl%ggally, especially in the coastal counties Kilifi and Kwale, and Nyanza counties Kisumu
and Siaya [74]. However, evidence has shown that over time An. arabiensis started becoming the more
e RPARNRY Weidridhaw.the tfAfWanMadYE SUORHOA Rilahes aiery e Higes didenata QuHireaksiRrAstius
frorRANSLBHENYBast Ulié 15 kOREINE #OdBinlshiRO 18R 61 8] Hd BighiouenahdpaBR 9198556.

55. Voice of Africa. Kenya Health Officials Issue Alert Over Dengue Fever Outbreak. 2017. Available

Secondar tors,of malaria are also wide spread within the country. For.instance . pharoensis sampled from a
oniine” }ﬁ?tcps:?lwww.voanews.comq enya-health-o |C|ai§ialert- enguéﬂré\fJ r- P

ice irrigati in IV tral K : ituted 1 3% and 0.68% P. falci by ELISA -linked
oo BFEaNSEED WS SSOBELKETSR SBRIYLR Agyand 0.00% P falcparum by ELISA (enzymelinke
immunosorbent assay) and dissection methods, respectively [79]. This species has also been reported in western

@ g\iPHidHERRL MR gRRisRtIen nR LY BUEY fRMRied SR ARdR AR AR PRINGastal areas: Trans Nzoia,
TaitAtHRRF TAOMY-HYBR MERILIBRYest in Vihiga county, Mwea tebere rice plantation, and Thika [81]. Anopheles
SEPUBEUN ABRIZ GIFARAI &9TTRIRE sy aYE Ry [aE WSS BiP'9BMEPER e k) have also been implicated as

potential secondary vectors [14,82]. Regardless of the country-wide distribution of these potential secondary

SRRl IR e IR e SRR SPTHAR 4 pREYAIR 1 ERONI b w iR&IRO: S- Burke, H.;
Dumilla, A.M.; Konde, J.; et al. Seroprevalence of Chikungunya Virus (CHIKV) Infection on Lamu

KenSReh KRRV HdeRes 2P fmalarldpiddiadiddnay 2808, With 333as®fs determined usually by
tenﬁ)@iratgré,zzﬁ%m@QQ%eﬁ%%?’and malaria prevalence [83]. These zones are: a) The endemic areas in
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S&Shdseingdidvis, dngd sexeFvjdRolieitt, tite wéeteom gayios. Thekeyae ab/ale. tkagroesoze by Qfinlaley rakgike fidm
0-1koske aioyd\yparigvePandtsalble labia @zt eads Bndetnig iyh odtahE lydarmigunigal MitLspidaranprone
are@sathryireg Mdutatio ssddhhrislaya narsasssioineagsdarsiietascaggy pt-yRavwelations tranmthih@6tern
highttandera) BewganGuingkedalénop. dY8daddyigl Rak8a 100shR4D1 2fzAs daiidOiddo® ajtioh AntidQ8B80.

o RGBT A S A 7 O RS o et ohene
e SR L Y SR o RGBS A R Y P L

e 0T RGEASE FI5I50°) Sl Y5 SR AR BRBT fovever wi

changes in annual cIrmatrc patterns and increase in global warming, previously malaria-free regions may soon
e S RRAIMIRMIR Are Y HBIGh Ran ES U sY it Wit sudhlBa il alkbiekshs fenidrY@s@ rfoi k@Al Rnabit
cerMMANGEISA Mghldi@maiatholy iR rEfiemangsd entomologic investigations of chikungunya outbreak
in Mandera, Northeastern Kenya, 2016. PLoS ONE 2018, 13, e0205058,

AltrdoighQnE3tlgouneat. poken 2 656 B8tablished various measures that have seen a reduction in malaria
o SRR SR Gl RO o8 e AR BECESG  SPR ST SRR .

2017 and Febru 2018 malaria outbreaks hit the arjd counties of Mars rin and West oko eadi
llzecoveryo nyori -Nyong virus rrom noph esnftunestus |na\t/\}es err9P<enya IS OC. I|Jt‘0 r"\(‘}l

nurp_erouiB%? t%zaérgg_c&iels and deaths [84]. This calls for more cohesive policies in the fight against malarra
and their respe'ctive’ anopheline vectors.
63. LaBeaud, A.D.; Sutherland, L.J.; Muiruri, S.; Muchiri, E.M.; Gray, L.R.; Zimmerman, P.A.; Hise,

Apaht GonKiimgsiiteldd AT havariss pnepatésrcepin ane sqstoasdkéhyspréatect obis. \2@1dl;bbre23iSeasts, such
as: danibhe.Ba-verdl @D a9db6hemitis) common in the Americas [85,86], lymphatic filariasis, and O’nyong’nyong
a8 RilSF BREARHE, RE9 B00%y SNS4GBV DERE 5 I oA S B ¢ .
Vicloria basin 9 westem Kenya by 198 Jﬁc&ﬁ?‘éﬁéﬂﬁé&rt‘&n°8¥v\7v%%ttmﬁ<¥ R R TR AL Eohplex
o e A0SO RS SRS LA PRI Pl s i e i
moa%urt]eoeﬂ%%§7aj e |Hd5886hgf§%8ry vectors [_ 88]. Other mosquito- borne viruses detected

from Anopheles spp. in the country include: Ngari virus (NRIV) in the Tana River (An. funestus) [4] and BUNV in

6R0maB8aAhMyakBABIqED), &6 dunksiazel.id fanis@latiemioh S ARIeNLaYS E N U TERMyRe SANIReS
assBRIREIRMIH WINGRThO BN RRNANRMESHG ARy A8 RYEECh RS Rkl RRZ2Eb ofdyRead Prtors

66V dStEPE TN DR KSR 8hP8]: Anopheles 2015. Available online: https://www.cdc.gov/malaria/
63 almyhiology/index.html#tabs-1-5 (accessed on 25 March 2019).

6I§rab in coﬁ)r tﬁeECu er)l(eggnue“rglggnewépl tera J(%l Isepvelccl)efstev)%%no{n Vy%%% Illyrﬁg(t)engenc X!P&e”é’rany
founZ In a zo%%%ggr%t% ca agr:eag:r)’aSrtg(leI 1;L t'h6e4t(r5(4%|(():(s) %Xg(l)g'ler temperate regions [96]. Due to their proximity
619. Nivoald ddtialtie s ghezatimaTias/artdo el aefar Re po EsatdBlanod0R6d 8105vailadre Thrlirieve also been
shaduwttpts: ffreteniiveindiodd meals from birds that feed at dawn and dusk [97]. Among the multiple Culex spp., Cx.
R e e e ST | s L A S AT ©
quinquefasciatus Say, CxX. pipiens pallens Coqurllett Cx australicus Dobrotworsky and Drummond, and an

TdutbgERBEs H\ piBeRZaMhdvies OR. fipiche GaNEa Mikep WerIPRSHIgI Bra ahdéamhsiGhetiBEcabiRot
eadvadpsiadaliniaaten o afiyARINEH djash Spar i 1orodEh 4 3niidadal kOneittdifadsthiques,

7060RHeER ANt BMEI0RCE S d28RRins, M.: Julvez, J.; Manguin, S.; Richard-Lenoble, D.:

Sircoulon, J. Biodiversity of Malaria Worldwide; John Libbey Eurotext: Montrouge, France, 2001.
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TCuleostpeareN o bilinknidwi. a¥Vidkersoot, Ham dde haidoreadAniGaydhabgavk BucB esayskiatit. dladinsipheles
prircaliyzzéceorddyoph glpdeasihanitas). mew diseadecsscalithe Byna pbelas deralbdeZ oataxatA0dish 8619,
curizd@y-2vdhockoitib. 321 6dGintst akeard @E8. Bhllion people live in disease endemic regions (South-East Asia

0 . . o . - . . o

A5EHE AR Al regions @3%N peing pt pighrisk [0, Culex <o, aye elsp assodiated with rangmission of

VRS T S ORiA S Th e S otomtial 61 Canal Nater mRanagemert Bl Ml Vetssniit. .

ma'@@iﬂ?dli&ae‘%yﬁle digi\{ Ieslrl%ggﬂwseﬁ%t}%gig@&jgh other species of the pipiens complex have shown

competence in spreading the virus [60,97,103,104]. Originally isolated in Uganda in 1937, this virus has spread
ok Fas BebAHEEE e B in Rikata Cditin BR8N 20 Ber GhRBEansvettBiaH ISy Buidsrighnarliddtne
sairt Muib/eiRihalits RSN e HARME Lickphil WexBedind o e el tyorriislesianscies
imni5a8ieEY, 2aakisil MRitatiandier RyiakR MDYPEIR REPAVIORARE BHRFYSIioRRISRINGdeRigeular
by E% BEMABeen bpR G0 5335 8P4 7888} noted the possibility of Cx. quinquefasciatus playing

7BVESIGHE! IR Inikg RAH1A AR AN B S AR IUedn BRI ARG SRR fHt e ARBIPEOYBIEYE 2
CONYRPRMICSIHA Ak FRISTHEHLANGA M kRIRYAN PR §t P88 0gbribHURSE ehais ZiPhsetrgas this

possibility. However, a recent study by Phumee at al. [111] evidenced that vertical transmission of Zika virus by Cx.

77..Cen rs.f(l:)r Diseas Cdontrol. CDC Activities in Kenya. 2018. Available online:
quinquerasciatus was inaee pOSSIble.

https://www.cdc.gov/malaria/

TRCGHAIAAL NEnUiRIeRERd Brrekeny A HMR IO 588 R B8SMBREp DtRTely. 42 Culex spp.

(http://www.wrbu.org). The ones with the most public health significance include members of the Cx.
SpMATNIGL My I Eay 0 ANl RI0 S SPGB TdsnZg WolR WibarPiirural
en i ROD AR AR 315 Bl PR I N LR PR WG YR RNE S AR s RE L Anghehart the
mogltjqblft@eg fapé%l% if?/ GOl ﬁ‘?@ﬁ%ﬁ e T ggs]b%i%t]ég%ﬁ%%ﬁgesgﬁ%]a "8R8 Sottian filariasis
8900QkAH) aRdMasSIKRWI. E.1, Mizjakatuey Ry;Ativbgioal GLY]. rddarde8 . higB nomb&sWi Oistrilndicfastittes in
Kwataiiounilawiziondetd abirméan yartgbr20: 0 $e6 Dadei 00 1e8EHPnyc287hIs6Bhese species have also

been implicated in entomologic studies focusi\r)\? on WNYV, SNBV, and NDUV in Garissa county [38,39,60], RVF in
81. Olanga, E.A.; Okombo, L.; Irung[EJF,,L. .. Mukabana, W.R. Parasites and vectors of malaria on

Baringo, Garissa, and Nakuru counties 111,19,60], and Usutu virus in Kisumu [4],
Rusinga Island, Western Kenya. Parasites Vectors 2015, 8, 250, do1:10.1186/s13071-015-0860-z.
SeuiexorayiEaNs iMaughel fomivanjaldeGsbp; Zhtibu@d \@itiete, gaualy s fiGt Butveilatcel dlnsatéason
of Walbtarasapideticad dethsitfyitivgbitipgieteaviastudyiydtenni¢tentyal. [B1200Batinge4dunty, it has been
imptlofte0 .49 865198 @R THLBY §R7and BUNV in the Lake Victoria region [20]. In an entomologic survey by
Lutomiah et al. [22], on the abundance of potential mosquito vectors, this species was found to be highly abundant
83. Ochomo, E.; Bayoh, N.M.; Kamau, L.; Atieli, F.; Vulule, J.; Ouma, C.; Ombok, M.; Njagi, K.; Soti,
in Kisumu &37%) and Naivasha (21.6%),_even thou%_h no pathogen screening was conducted,
D.; Mathenge, E.; et al. Pyrethroid susceptibility of malaria vectors in four Districts of western

Oth}éFQ%gagaalFr?p%tr?asnygg}eoxrsspzp(.)]l'n4 th?a’c%%gtrg Nehd y)g(%l Zlggib%%(/)n‘rc):_h?dé 9 cinereus, Cx. poicilipes, CXx.

8dibKipyalP. Cangtnearanih a8 . k., Mnvaaryeisgin WINGh Nabog® eINiGeh egtiyestoe dlagenieahdsmlated as
sunemeiiggvhiie izbl€d cidrat erffeotipriatinee distlibiogioontf Afrtbpsretpsareas alonyehe Wmepaedcbast.
instiRagasitessistoysTRELS8). 223], Gsi20nbaseis1 0z FRBLINe. Lake Naivasha region showed high

competence for RVFV with an 89% infection rate. . ) L .
85. Mukiama, T.K.; Mwangi, R.W. Seasonal population changes and malaria transmission potential of

3.4.,0)93%%%%5 pharoensis and the minor anophelines in Mwea Irrigation Scheme, Kenya. Acta Trop.

1989, 4, 181-189.
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restrahiamis siith ARd26 17 k6, atBC olpiilditibi-Bo(stR83 60 1he 2088idty of their tarsal claws in structure and
e KRR B PTEIT FRGER R5Eh e  Erren A G R S R e HE R he
PR S TR HE R AREER BORE S NANSHAIRARS e CORRBAIRR ARIRE, ARt e
ool QA RN A St P AR 3 PIRTR B G e eSS R Ry & °2016. Available online:
subﬁﬁner_ﬁ M{ansppiﬁides 10 ﬁ?ecies) and Mansonia (15 species).
ps:/ivirtual.lshtm.ac.u

SthanfistintenthipheadsROIE tafkanit EpidaseidiagioakPotsits ndh éactietsgesom 28 Miar ohi2ed 2).
S P o . A B G o R & A Y VIR Sl AR 0 S TN A S LS A R S R E g tina

e Ry o R R G L0 s U5 BRSOl P AR isafyses

e R AT 45 P AT SRR U 15755 "6 "6 18/ P1dR Y 54'7 £35£5 Ygugen and lymphatie
filariasis [117]. Africa, as one of the most affected regions of vector-borne diseases, harbors two main and probably
WeRissidsnhoNaaria AR B ek emy@Malri v Reraions! ek k¥Rih20 baeAVaiskle fEes:r w.
bart¥EH MR REeWo eald e eyl rsatireg/ gala Hb g0 armey biRrankinalaridsppe Iaten -exception, as
stuiENSADELSH iR Al e -MaHasiaaRpr alie dRlriaR P AR Co ARG ERReRtiR JatdagERs2 H8nan

JeatimBoERACeddid28488 ) ohesive policies and better strategies in its war against malaria in arid

and semi arid areas. J. Mosg. Res. 2018, 5, 124-126.
LaBeaud et al. [60] showed that Mansonia mosquitoes could have significantly contributed to the vectorial

HarBAIEN o RO ihithe 20BACHI TSt reak iNEIRBRN-Sateri RBSISY, Hlitbt NG FBBMERIEEESENRcted
durigtedsriajessheatvRIERIFIEOLI BEA/ENSYHR BRRVARIRHER i EQGaHNRHASEE 91V REIeESIZ0Ge ching O,
ideﬁiﬂié%l%#é@@(ﬁ@@@%t%@@-gﬂﬂéﬁsonm spp. to be positive for RVFV. Mansonia, like many other female

JFROBHHIRRPCRY CBHRIREIG! I IRpdenSRAL) BPBSRWERRTC WATISPIS s SRR IFAY i owiisaiRmAca and
disqtes BRI LRIBIe2S S SCrErginpshBIon-fesh kATAAHASPBOY b4lpmiRh et al. [40] during this

same RVF outbreak, showed that goats and sheep were the greatest amplifiers of the virus.
94. Corbet, P.S.; Williams, M.C.; Gillett, J.D. O’'nyong nyong fever: An epidemic virus disease in East

owiNicPnBraVesianaiudins Aie RifemiCHHem S hr&oanhy BRMarbUHY BetBfde R WAGIARL, flooded

9899 BeAYSKAFPBHIRYAI2Ye BefEhzie D ORI ACEKE "RAIRG AN, PACONMRLRE MDY ByHpapiah gt 2l
[22191BR GEHAIRECETEMOsAUR HECIerSin ¥RUPURIRAS REItBLZON e Ny BR GIND BN P LeRISE RN REUATANSrus
of MagsHFSEIR NP EBLSE AN ByruNERI) TSNS Beres d Ll aneo and Lake Victoria.
'”ted%‘??m'm‘ﬂi/iﬁﬂ?ﬁﬁﬁﬁ?@&?db@m@ye strains of RVFV and NDUV had earlier been detected in Mn.

uniformis and Mn. africana [11,36]. This was further evidenced by Ajamma et al. [18], where these species

RorNiERS S iR R G VARSI DY MUY ks QR BuiSimada, M.

Bockarie, M.J.; Molyneux, D.H. Sustained reduction in prevalence of lymphatic filariasis infection

EvdR SRIGHPZIISHEY SAHNISHah P55 AIM g RAMIREALIPEHIN AN Y8R 4IpdBT BRequicanatadmalasg,
thisORAE Qs FriRgiteSaYe i MsngQ k. £st98) Sohd kAR ¥ 25133291 orial potential of Mansonia spp. to
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