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Published: 31 October 2023 Methods: A cross-sectional study of mosquito species breeding within the premises

of Nnamdi Azikiwe University Teaching Hospital Nnewi was carried out from

DOI November 2012 to October 2013. Immature stages of the mosquito were collected

10.58539/INI1DS.2023.2118 from stagnant water pools and water-holding containers within the hospital premises

using modified U.S. Center for Disease Control and Prevention (CDC) ovitraps (for

Quick ResponseCode eggs) and ladles (for larva). Pyrethroid spray catch collection technique was used to
Eh‘ !E collect endophagic and endophilic adult mosquitoes.

Results: A total of 2,504 mosquitoes comprising 226 (9.0%) eggs, 2,025 (80.9%)

ok s 1 larvae and 253 (10.1%) adult vectors were collected. Three mosquito genera (Aedes,

E sl Culex and Toxorhynchites) comprising five species (Culex quinquefasciatus, Culex

tigripes, Aedes aegypti, Aedes abopictus and Toxorhynchites species) were
identified. Aedes abopictus 1,033 (41.3%) was predominant while C. tigripes 45
(1.8%) was the least frequent. M osquitoes bred mostly in septic tanks; 499 (24.6%)
and repurposed automobile tyres; 445 (22.5%) while they bred the least in plant |eaf
axils; 37 (1.0%).

Conclusions: This study found a large number of mosquitoes breeding within the
premises of atertiary care hospital in Nigeria, including species that are efficient
vectors of arboviral and filarial diseases. Improved environmental sanitation
including periodic fumigation is strongly recommended in healthcare facilities in
the tropics to reduce the risk of vector-borne diseases in the hospital community.
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INTRODUCTION The old site of NAUTH is located along the old Nrémnitsha road
lying between latitude 6.025478nd longitude 6.916646lt is located

Female mosquitoes are blood sucking gnats that f&ve jn close proximity to the famous Nkwo Nnewi AutoniiedMarket.
worldwide distribution and are dreaded for thetinlg / noise

nuisance, allergic reactions and disease transmnis3ihey are A 24-hour water supply is made possible within NAUPBremises
vectors of various viral, protozoal and helmintbiseases to through properly reticulated pipe-borne water, sedrfrom four
man and his domestic animalénfectious diseases caused byfunctional boreholes. This makes it unnecessaryHerin-patients
mosquito vectors account for the highest numbeveaftor- and other members of the hospital community toesteater in
borne diseases as well as mortality and disakalijysted life  containers. There are no streams or ground watbmihe hospital
years. The Culex mosquitoes are transmitters of filariasis premises, but occasionally stagnant water poolshedgund on the
especially lymphatic filariasis which is a majorbtio health  surrounding roads during the rainy season. OccaBjgrihe water
problem in Africa and other tropical regidnsThey also drainage systems around or within the hospital Besnbecome
transmit several mosquito-borne encephafitisThe Aedes compromised especially during the dry season ofyda. Despite
group of mosquitoes are vectors of yellow feverngle routine environmental and waste management, sdiig¢cts or
haemorragic fever and other arboviral infectfon&rboviral ~ wastes that potentially hold water are seen withépremises.
infections including yellow fever transmitted bpedes

mosquitoes are very prevalent in the tropical zasfeAfrica Nnewi has a population of 391,227 inhabitants. diheexperiences

and America and have been recognized as a devastatitWo S€asons which are the dry season (Novemberayl and
epidemic disease rainy season (April to October). During the dry swmg it

experiences a short spell of cold dry harmattamfidecember to
Numerous studies have been carried out on theg@gdbarden, early February. The inhabitants of Nnewi depenagniculture and
and distribution of mosquitoes in Nigeria and elser>. An  commerce for their daily livelihood. The city hasmerous markets
overwhelming majority of these studies have focused including the famous Nkwo Nnewi market that houes largest
residential settlements in the community. Thera ucity of automobile spare parts market in West Africa.
literature on the distribution of mosquitoes on gnemises of
health facilities. Hospital environments in tropicimates may ~ Study Design
face similar risks as residential communities rdoay the
transmission of vector-borne diseases. Hence taeé twestudy
hospital environments to determine if they are @ngig the
breeding of mosquitoes and the potential riskarigmission of
mosquito-borne infections.

It was a cross-sectional study of the hospital semto collect
mosquitoes from their breeding sites and to stidyhiting habits
of adult mosquitoes in and around the hospital wardhe

mosquitoes were sampled at three levels as folleggs, larvae and
adult vectors using appropriate sampling method® 3tudy was

The main objective of this study was to investightemosquito  conducted over a period of one year.
species and their immature species within theietireg sites in
the premises of a tertiary care hospital in Soatstern Nigeria.
The findings of this study potentially provide biase data for
assessing public health risks in health facilitrethe tropics. It

Ethical Considerations

Informed consent of the hospital community was ioleté through
proper explanations of the study purpose and gaiissical

also promotes evidence-based policy making regardinyrotection from mosquitoes and other vectors wasiged for the
environmental and waste management in healthceiliiés. individuals who collected samples on the field.

MATERIAL AND METHODS Data/Sample Collection
Study Site Sampling of mosquito eggs: Modified CDC ovitrapsevased for
the collection of mosquito eggs. Each ovitrap cetesi of a black
plastic cup of about 250mls, lined internally wihstrip of white
calico cloth covering the internal perimeter of th. Each ovitrap

was about three quarter filled with water and thkted within the
hospital premises.

The study was conducted at the temporary (old) sftehe
Nnamdi Azikiwe University Teaching Hospital (NAUTH)
Nnewi, Nnewi-North Local Government Area, Anambrat§,
Nigeria.
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The ovitraps were left for 48 hours before colleati At the
collection point, the white calico strips were exaed for
mosquito eggs. The positive calico strips were i@pd from
the negative strips. The eggs were hatched anédearthe
adult stages before identification.

Larva mosquito collection: Larva collections weiend twice
daily on the two chosen days of the week; betweEAllam
and 12:00 noon and between 4:00 pm and 6:00 pnh tiooa.
Mosquito larvae were collected with ladles fromigas water
bodies including clean stagnant pools, gutterssapdic tanks
into plastic bucket or bowls. Water collectionsrapurposed
automobile tyres, glass or ceramic wares, plastid metal
containers were equally sampled for mosquito larveater-
holding containers found with mosquito larvae weverturned
into a plastic bowl. The collection was sieved im@tnother
plastic bowl to remove debris. With the aid of rojgipette, the
larvae were picked into specimen bottles contaimiater. The
larvae and pupae were reared to adult stages fopepr
identification.

Adult mosquito collection: Indoor biting and regfiradult
mosquitoes were collected from the student hostabaise
officers’ quarters and doctors’ call rooms in eaedrd using
Pyrethrum spray catch (PSC) method.

The collections were made on a white sheet follgwénknock-
down. Knocked down mosquitoes were carefully pickeith

forceps into Eppendorf’s tubes. All the mosquitdletiions; eggs,
larvae and adult vectors were later sent to théoNak Arbovirus
and Vectors Research Centre Entomology Laborat&migu,
South-East Nigeria for proper identification.

Data Analysis

Data was analysed using the statistical Packagethfer Social

Sciences (SPSS) Version 16. Categorical variabére vepresented
as proportions and percentages while comparisoweget these
variables was done with the Pearson's Chi-squast (#& as

appropriate. Statistical significance was set aajpe < 0.05.

RESULTS

A total of 2,504 mosquitoes were collected from NAtUpremises,
including 226 (9.03%) eggs, 2025 (80.87%) larvaal @53
(10.10%) adult mosquitoesTdble 1). The collected mosquitoes
consisted of three generaddes, Culex and Toxorhynchjtemnd
five species Qulex quinquefasciatusCulex tigripes, Aedes
albopictus, Aedes aegypti and Toxorhynchites.spp)

Tables 1: The mosquito species collected within tiremises of Nnamdi Azikiwe University Teaching Hogital (NAUTH),
Nnewi, South-East Nigeria, November 2012- Octobei02.3.

Mosquitoe Species

Aedes aegypti

Aedes albopictus
Culex quinquefasciatus
Culex tigripes
Toxorhynchites

Total

Developmental Stages

Eggs

53 (23.45%)
173(76.55%)
0

0

0

226 (9.03%)

Larvae Adults Total
328(16.20%) 0 381 (15.22%)
860(42.47%) 0 1033 (41.34%)
742 (36.64%) 253 995 (39.74%)
45(2.22%) 0 45 (1.80%)

50 (2.4%) 0 50 (2.4%)
2025 (80.87%) 253 (10.10%) 2504
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The relative abundance of mosquitoes collected wemguinquefasciatus995 (39.7%) Culex tigripes45(1.8%),Aedes aegypti
381(15.2%)Aedes albopictus,033 (41.3%) andoxorhynchitespecies 50(2.5%). Only Quinquefasciatusvas collected as adult
mosquitoes while only Aaegyptiand A.albopictuswere collected as eggs. Albopictuswas the most abundant mosquito 1, 033
(41.3%) and QGigripeswas the least frequent 45 (1.8%).

The mosquito larvae collected from the differerdating sites located within the hospital premiseshown in Table 2. The highest
number of mosquito larvae 499 (24.6%) was colledteth septic tanks and the least 37 (1.8%) was ftbenplant axils. The
numbers and percentages of mosquitoes from otleeydbrg sites were 455(22.5%) from old tyres, 2651%) from drainage
gutters, 296 (14.6%) from buckets around the hesi€l0 (9.4%) from empty cans, 174 (8.6%) from broglass ware and 109 (5
.4%) from tree stumps. The differences in the mitsquarvae yield from the different habitats werhd to be statistically
significant (p<0.05). Septic tanks and the repuepdogehicle tyres were the most common breedingdiskfor the mosquitoes.

Table 2: Relative abundanceof mosquito larvae from the different breeding siteswithin the hospital premises

'Season ||| Mosquito 1]l BREEDING SITES ||[Total \
Species
| | old Plant | Open Broken | Empty | Fallen paw paw | Drainage Buckets
tyres Axil Septic Glass Cans tree channels around
Tank Wares the hostels
Aedes albopictug| | 228 - - 103 109 - - 147 587 (29%)
n Aedes aegypti 75 - 103 33 - - - - 211 (10.4%)
§ _ CL{IeX . - - 165 - 45 92 20 70 392 (19.4%)
2 \g’ g quinquefasciatus
.% § g Culex tigripes - - - - - 17 - - 17 (0.8%)
X » O Toxorhynchytes ||| - 37 - - 13 - - - 50 (2.5%)
QI Sub total 303 37 268 136 167 109 20 217 1257(62.1%)
—1|| Aedes albopictug|| 133 - - 38 23 - - 79 273 (13.5%)
Aedes aegypti 19 - 98 - - - - - 117 (5.8%)
c 1_-: Culex - - 133 - - - 217 - 350 (17.3%)
@ g quinquefasciatus
2 é Culex tigripes - - - - - - 28 - 28(1.4%)
g‘ 3 Toxorhynchites ||| - - - - - - - -
— T Suptom 152 - 23T 38 23 - 275 79 768 (37.9%)
Grand total 445 37 499 174 190 109 265 296 2025
C25%) | (1.8%) | (24.6%) B6%) | (9.4%) | (5.4%) T3.19%) (176%)

The mosquitoes collected were separated into wasose Indoor biting and resting mosquitoes numbering @88e collected
(April-October) and dry season (November-March)emions.  from the Doctors’ call rooms and House Officersagers. Of this,
In the wet season, all the five species of mosesiidentified 167(66.01%) were collected in the wet season a(8i3389%) in the
in the area were collected while in the dry seafmur, species, dry season. Of the 167 mosquitoes collected inmbieseason, 77
exceptToxorhynchitespecies, were collected. More mosquito(64.71%) were from the House Officers’ quarters,ilevi90
larvae 1257 (62.10%) were collected in the wet@edlsan in  (67.20%) were from the Doctors’ call rooms. Of 8&mosquitoes
the dry season 768 (37.90%) and the differencesteaistically  captured in the dry season, 42 (35.30%) were framdd Officers’
significant (p< 0.05). quarters, while 44 (32.84%) were from Doctors’ galbms. The
mosquito collections from the Doctors’ call roomedaHouse
In both dry and wet seasons, no mosquito speciesfaund  officers’ quarters in the wet season were sligtifierent from each
breeding concurrently in all the sites sampled.yo@llex  other put the difference was not statistically digant (P>0.05).
species €. quinquefasciatusind C. tigripeg were collected There was not statistically significant differericethe number of
from the fallen paw paw tree. No mosquito species W mosquitoes collected from the Doctors’ call roonrsl aHouse

collected from plant axils and the stump of falfeaw paw tree  qfficers’ quarters (44 (32.84%) vs. 42 (35.30%)095).
in the dry season while tyres, open septic tankskdn glass

wares, empty cans, drainage gutters and bucketsma@rthe In the pulled result of dry and wet season coltewi{Table 3), the
hostels remain viable breeding sites throughoutytb&r. A.  number of mosquitoes from the Doctors’ call roonswmnificantly
albopictus A. aegypti, C. quinquefasciatus and C. tigripese  higher than that of the House Officers’ quartersQ(05). OnlyC.
the hardiest mosquitoes that bred throughout ther.yMo  quinquefasciatuadults were collected indoors.
Anophelespecies was found in all the breeding sites sampled
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Table 3: Indoor biting and resting adult mosquitoescollected from the House Officers’ quarters
and Doctor’s call rooms.

Seasonof  Mosquito species Site of collection Total
the year collected
House officers’ Doctors call rooms
quarters
Culex quinquefasciatus 77(64.71%) 90(67.20%) 167(66.01%)
c Culex tigripes - - -
§ . Aedes aegypti - -
© 2 8  Aedesalbopictus - -
] E_ 8 Toxorhynchytes spp - - -
= <O gub-Total 77(64.71%) 90(67.20%) 167(66.01%)
Culex quinquefasciatus 42(35.30%) 44(32.84%) 86(33.99%)
c 8 Culex tigripes - - -
] g Aedes aegypti - -
3 E 5 Aedesalbopictus - -
>3 & Toxorhynchytes spp - -
oz2
Sub Total 42(35.30%) 44(32.84%) 86(33.99%)
Grand Total 119(47.04%) 134(52.96%) 253(100%)
DISCUSSION tin cans and broken utensils and even open waterge containers

in our environments'®. Also, another study found different
mosquitoes from different breeding sites and opihed although
all mosquitoes breed in stagnant water, they difffen each other

in their microecological requirementsAdelekeet alobserved in
Abeokuta Nigeria, that there were different larbelbitats for
Culex quinquefasciatus, Aedes albopictndA. eaegpfi. In Orlu,
Imo State, NigeriaCulex quinquefasciatuend

C. tigripes were sampled from blocked drainage system with
decaying organic debffs The findings of these studies show that
the different established mosquito breeding siteist efor the
different mosquito species in the hospital premishikh support
the prolific breeding of the mosquitoes. Also, ttaiation in the
breeding sites for the different mosquitoes indisathat there
might be ecological differences in the breedingunegnent of the
different mosquito species.

This study was aimed at determining the mosquitecigs
breeding within the premises of a tertiary carepitas in
South-East Nigeria. A total of 2,504 mosquitoe®hging to
three mosquito genera that comprised five moscptzies;
Aedes albopictus, Aedes Aegyptii, Culex quinquBfss,
Culex tigripesand Toxorhynchyte sppvere collected. Of
these sampled mosquitoes, two- third were larvadmlevthe
remaining third comprised indoor biting and restiadult
mosquitoes and eggs. In a similar study in anotbgiary
hospital in Enugu, South-East Nigeria, a total &93
mosquitoes consisting of both immature and adwyes
belonging to three mosquito genera that comprisespecies
of Aedes one species ofCulex and one species of
Eretmapoditesmosquitoes were collect¥d Also, another
study at the University of Port Harcourt Teachingshital
found two mosquito genera; Culex and Anopheles miteq The predominance of immature stages of mosquito#ss study
comprising three specie€ulex quinquefasciatus, Anophelesdid not only indicate that the mosquitoes werevatyibreeding in
gambie and Anopheles mauchéttlhese findings show the the hospital premises. . Mosquito larvae were ctdié in the
presence of actively breeding mosquitoes in thepitels hospital premises in both wet and dry seasons wdtihdhere was
premises which potentially constitutes a risk fansmission a significant difference in wet season larval aditns over those
of mosquito-in the hospital community. This publiealth  of dry season. This finding indicates that the wateols in the
concern has been previously expredsed hospital premises continued to support the breedimgosquitoes
in both wet and dry seasons. The variation in thenler of
mosquitoes collected with season could be explainethe fact
that the open drainage channels were frequentbhéd by flood
water during the raining season thereby prevenpngonged
water stasis which is the basic requirement for bireeding of
mosquitoes.

The mosquito larvae were collected from eight défe
breeding sites found within the premises of thepiiakand
none of the five-mosquito species was found bregirall
the sites. This finding agrees with that of earfierdies that
showed that mosquitoes usually breed in stagnaterypaols
found in blocked water drainage systems, unkepicstmks,
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The public health implication of the prolific braed of
mosquitoes in the hospital premises as reportedaiious
studies in the tropics include biting nuisance atiérgic
reactions to the mosquito bite as well as the ased risk of
disease transmission to the hospital community lees
mosquitoes seek for blood méedls

The low proportion of the adult mosquitoes founthia study
could be attributed to the methods of collectioniclth
concentrated on only the adult mosquitoes thatdsiterested
indoors which agrees with the observations of Omgidaf®.
Also, the collection of adult mosquitoes by the asduman
bait was not done as this entails exposure of tinemam
volunteers to the communicable public health masgiorne
arboviral diseases in the hospital environment. yO@l
quinquefasciatugias caught biting indoors. Unlike thedes
mosquitoes which are diurnal in their biting adtes, C.
quinquefasciatugs a night biting mosquito which frequently
enters the house to bite their victims at nightlevtiney are
asleep. The result agrees with the findings of Qogt al
who observed tha® quinquefasciatuandAnophelespecies
were the night biting mosquitoes that entered thmlent
rooms to bite at the Nnamdi Azikiwe University helst

Awka?®. Gordon and Lavoipierre observed that the mor

important vectors of mosquito-borne diseases argetlwhich
show close association with man and prefer him tteero
animals as source of fo#fd Thus,C quinquefasciatuseems
to be the most medically important indoor biting sgoito
within NAUTH premises.

They are best collected with human bait methodsregpuscular
hours which was not done. It is likely that Aedessnuitoes may
be constituting serious biting nuisance to thequas care givers
who usually sit-out along the passages of the alspspecially at

t dusk.

Five mosquito species namel). aegypti A. albopictus, C
quinquefasciatus, C tigripes and Toxorhynchitggecies were
collected in the study. Among these five speci€ylex
quinquefasciatuswas the most abundant mosquito species
collected. This is because the hospital has oppticseanks at
various places and open water drainage gutter @tsnmith
stagnant foul-smelling water especially in the skegson. All these
readily provide suitable breeding sites €ulex quinquefasciatus
which breeds more in stagnant water with decayingamic
materials. This agrees with the findings of Adeladteal who
reported large occurrence @fulex quinquefasciatus gutters
containing polluted watér

Aedes albopictuswas the next in abundance t€ulex
quinquefasciatudt was collected mostly in tyres, empty buckets,
broken wares and every other breeding sites withénhospital
environment that had polluted water pool. The albmned ofAedes
é\lbopictusin the hospital environment can be explained by the
frequent use of old used-tyres as flower guidesha hospital
premises and the proximity of the popular Nkwo, iNhepare
parts market to the hospital. In this market, seldoand tyres are
brought in from South Eastern Asia and other Euaopmuntries.
Because of space, most of the tyres are left imgen where they
collect water that forms breeding heaven f@des albopictus

Anophelesnosquitoes were not collected in this study. ThisSavageet alstated thafiedes albopictusas imported into Nigeria

agrees with the finding of Eziket al in a similar study in
Enugu?® but disagrees with the finding of a similar study

via second hand tyres importatidmnd these used tyres brought
in for sale in Enugu metropolis have been foungrtavide suitable

Port Harcouff. Also, another non-hospital-based study inbreeding site foAedes albopicti#& This supports the opinion of

Umudioka-Anambra State fourthopheles gambiae be the
most abundant indoor biting mosqud#toThis may be due to
the fact that NAUTH premises do not have ecolodiedditats
that support the breeding of anopheles mosquiteetha
hospital premises are completely tarred except bthghy
hedges. Also, the hospital has properly reticulaipé-borne
water from boreholes such that in-patients, stugjestaff and
visitors have no need to store water thereby exatuthe
suspicion that Anopheles mosquitoes might be bnegi
open water cisterns. In addition, there are noaste lakes
nor any sort of ground water within the hospitamrises. The
non-collection of adulAedesmosquitoes in the study could
be attributed to the methods of collection whiclcleded

Adeleke et al that the preponderance d@fedes albopictuss
expected to be occurring in cities where tyre bessnbooms or
where there is improper management of used %yfBsus, the
proximity of NAUTH to the famous Nkwo Nnewi motopare
parts market and the use of old automobile tyreffoager guides
within the hospital environments partly explaine tiigh number
of Aedes albopictuithin the hospital community.

Aedes aegyptivere collected from repurposed automobile tyres,
septic tanks and empty cans. This observation whse with the
findings of Nwokeet al who collectedAedes aegypfrom used
tyres, broken glass wares and open septic tanks

these specief\edesnosquitoes are outdoor biters and diurnal

in habit.
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The ability ofA. aegyptto breed in open septic tanks ensurepremises of a tertiary hospital in Nigeria, whiclotgntially
almost all year-round continuous breeding and reasmice constitutes a public health risk. The findings dist study
of the population of the mosquito within the hoapit underscore the need to carefully consider the imcatf healthcare
environment. This also corroborates the repor@lafrie and facilities since activities conducted in the sumdings could
Mafiana et al that Aedes aegypti breeds almost potentially increase breeding of arthropods suamasquitoes. In
indiscriminately in nearly all available breedinghiitat$®2°.  addition to routine environmental sanitation and stea
Adelekeet al also reported in their study of mosquito larvalmanagement, the hospital management of facilitingated in
habitats in Abeokuta Nigeria thAedes aegyptivas found in  locations that make them more prone to the breeafingpsquitoes
almost all larvae habitats except plant &xils should take additional steps including targeted ifation to

discourage the breeding of mosquitoes within thesphal

Among the five species of mosquitoes collectéddes premises. .

aegyptj A. Albopictusand C. quinquefasciatugare proven
vectors of public health diseades’. Aedes albopictus a
competent vector of many viral diseases includieggiie
fever, eastern equine encephalitis, Chukungunyfa,vRiley

and West Nile virusésAedes aegypis a vector of yellow  acknowledgement\We sincerely wish to acknowledge the
fever virus and has been involved in yellow fevatboeaks  National Arbovirus and Vectors Research Centrd?@% Avenue,

in Nigeria'4 In South America, the urban yellow fever g g A Enugu, Nigeria for their immense supportpiroperly
vectors aré. aegyptandHaemogogus spp Yellow fever is  jgentifying the sampled mosquito species at no.cost
a viral disease that is transmitted by mosquitces\edes
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