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Abstract

Mosquitoes of the genera Aedes are vectors of arboviruses. Through trade at the entry points, they spread
to new areas where they can cause arbovirus epidemics. The lack of vaccine and treatment for most
arboviruses makes vector control the only means of prevention. This study aimed to determine the level
of infestation of Aedes mosquitoes and the risk of arbovirus by describing their larval ecology. All water
containers found in activity and residential areas of the port of San Pedro were inspected for immature
mosquitoes once a month from March to July 2018. Out of 227 identified potential breeding sites, 102
(44.93%) contained Aedes larvae. Abandoned containers constituted 53.92% of the sites colonized by
Aedes and represented 73.43% of productivity. Sites associated with turbid water, organic debris, and
those with vegetation around were more preferred by Aedes for oviposition. The house (20.80%), Breteau
(27.20%) and Container (44.93%) Indices indicated a high level of entomological risk on the WHO
density scale for both the activity area and the residential area. This study shows that Aedes uses more
anthropogenic sites preferably abandoned containers and that its presence constitutes a risk of
transmission of arboviruses in the port of San Pedro.
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Introduction

Mosquitoes of the genera Aedes, notably Aedes aegypti (Linnaeus, 1762) and Aedes albopictus
(Skuse, 1894), are highly invasive. These two species are a major public health concern, as
they are the main vectors of the most important arboviral diseases, including yellow fever,
dengue, chikungunya, and Zika [ 2, The current incidence of these diseases is increasing
alarmingly due to the ability of these mosquitoes to survive unfavorable periods, thanks to
their eggs which are resistant to desiccation after being transported over long distances El,
Globalization, industrialization, and the expansion of port cities are factors in the spread and
proliferation of Aedes mosquitoes in countries . The introduction of Aedes albopictus in Italy
81 the USA, Brazil 1, and South Africa [’ has been possible through the transport of old tires
by ship ®. The introduction and settlement of mosquitoes in a new environment occasioned
the emergence of autochthons arboviruses. Thus the emergence of dengue and chikungunya
cases has been observed following the introduction of Aedes albopictus in Italy, France,
Croatia [, Cameroon, Gabon, and Equatorial Guinea 1.

In Cote d’Ivoire, since the joint circulation of yellow fever and dengue three viruses in 2008 in
Abidjan 1%, arboviruses cases have been continuously recorded in several localities of the
country between 2010 and 2019 [t 1213341 |n addition, entomological surveillance initiated at
the port of Abidjan in 2009 revealed the presence of Aedes albopictus [*°1. This species also
was highlighted between 2013 and 2014 in the commune of Treichville, home to the
autonomous port of Abidjan 281, The increase in the potential for transmission of vector-borne
diseases is linked develop the speed and scale of trade ™. Therefore, it was crucial to extend
surveillance of invasive Aedes mosquitoes in Cote d'Ivoire’s second port city to assess the
health situation and develop vector control measures. In the absence of curative treatment for
arboviruses and effective vaccines, except for yellow fever, environmental and ecosystem
management remains an important strategy to prevent the introduction of exotic vectors [,
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In addition, according to the International Health Regulations,
international entry points to countries such as seaports,
airports, railways, and bus stations must be vector-free within
400 meters 071, It is in this context that a study was
undertaken in 2018 at Cote d'Ivoire’s second port, in the city
of San-Pedro. The study aimed to know the level of
infestation of mosquitoes of the genera Aedes and the
entomological risk of arboviruses through the description of
their larval ecology.

Material and Methods

Study area

This study took place in the port area of San-Pedro (4° 44’ 41"
north and 6° 38" 23" west), located in southwestern Cote
d’Ivoire M at 368 km from the city of Abidjan. The climate is
subequatorial with two rainy seasons (March to June and
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September to November) and two dry seasons (December to
February and July to August). The average annual rainfall
range from 1,200 to 1,500 mm, and the annual temperature
varies from 24 to 27 °C [, Wwith a surface area of 2,000
hectares, the activity zone of the port of San-Pedro is
composed of three sectors, including the commercial port, the
fishing port, and the industrial and commercial 2°! Largely
activities are dominated by exports with average annual
growth rates of 11.31% [2YI This traffic is with Europe (67%),
America (25%), and Asia (8%) [%. In this port area, six sites
were selected, including two (DG quarters and Rade quarters)
in a residential area and four (SEPBA, fishing port, Space
Under Customs, health center) in the activity area (Figure 1).
All the (25) dwellings in the DG (5) and Rade quarters (20)
were included in the study as these quarters contained very
few.
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Fig 1: Map of the San Pedro port area showing collection sites

A sampling of mosquito larvae

All water containers found in activity and residential areas of
the port of San Pedro were inspected for immature mosquitoes
once a month from March to July 2018. Breeding sites were
identified based on the presence (positive) or absence
(negative) of larvae. For each breeding site, its nature, and
factors influencing its positivity (presence of vegetation,
presence of organic debris, exposure to sunlight, and water
quality) were recorded. The larvae and pupae were then
collected from the positive containers and stored in jars
labelled according to the area and nature of the breeding site.
These immature stages were sent to the insectarium of the
National Institute of Public Health (NIPH). At the
insectarium, L3, L4 stage larvae, and pupae were counted.
Containers were classified according to criteria related to
human habitat and their mode of impoundment 22 into water
storage containers (WSC), abandoned containers (AC), tires,
natural breeding sites (NBS), and other breeding sites (OBS).
These immature populations were reared to the adult stage

and identified to the genera and species level using the keys of
[23, 24]
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Data analysis

Data were analyzed with SPSS 25.0 software. Fisher’s exact
test was used to compare the proportions of breeding sites in
the different sites. A bivariate analysis was used to identify.
factors influencing the positivity of breeding sites. The
productivity of each breeding site was estimated according to
WHO 2 The usual larval indices (Container, Habitation, and
Breteau) were considered to assess the level of risk on the
WHO density scale: “house” index (HI) = percentage of
houses containing at least one positive Ae. aegypti site,
“container” index (CI) = percentage of containers containing
larvae of Ae. aegypti larvae, “Breteau” index (BI) = the
number of positive sites per 100 houses visited ?°1. According
to WHO P81, the risk of an epidemic is low when container
index < 3%, house index < 4%, and Breteau index < 5. It is
moderate when container index > 3%, house index > 4, and
Breteau index > 5. It is high when container index > 20%,
house index > 35, and Breteau index > 50 2],
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Results

Culicidae fauna obtained after rearing larvae collected at
the port of San Pedro

A total of 1453 mosquitoes, including 710 (48,86%) females
and 743 (51,14%) males, were obtained after larval rearing.
These mosquitoes belong to three genera (Aedes, Anopheles,
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and Culex) and six species (Ae. aegypti, An. gambiae, Cx.
fraseri, Cx. nebulosus, Cx. quinquefasciatus, and Cx. rima).
Aedes aegypti accounted for 67.38% of the emergences, of
which  49.23% were females, followed by Cx.
quinquefasciatus (31.18%) with 49.45% were females (Table
1).

Table 1: Culicidian fauna obtained after rearing larvae collected at the port of San Pedro from March to July 2018

Species Activity area Residential area Total
Females Males Females Males Females Males
Aedes aegypti 278 233 204 264 482 497
Anopheles gambiae 2 2 0 0 2 2
Culex fraseri 0 10 0 0 0 10
Culex nebulosus 0 0 1 0 1 0
Culex quinquefasciatus 89 88 135 141 224 229
Culex rima 0 0 1 5 1 5
Overall total 369 333 341 410 710 743

The nature of the breeding sites

A total of 227 potential breeding sites consisting of
abandoned containers (39.21%), water storage containers of
less than 15 Litres (18.94%), tires (17.62%), other breeding
sites (14.10%), water storage containers of more than 15
Litres (7.93%) and natural breeding sites (2.20%) were
collected (Table 2). Of these potential breeding sites, 110
(48.45%) were positive, whose 102 (92.72%) were colonized
by Aedes aegypti. In the activity area, 60.78% (n = 62) of the

Aedes aegypti breeding sites were identified compared to
39.21% (n = 40) in the residential area. More than half of the
Aedes aegypti breeding sites (53.92%) were abandoned
containers. In both activity and residential areas, these
abandoned containers accounted for more than half of the
Aedes aegypti breeding sites (50%) and (60%) (Table 3). In
addition, these abandoned containers were the most
productive Aedes aegypti breeding sites pupal, a productivity
of 73.43% (Table 4).

Table 2: Nature and importance of potential breeding sites identified at the Port of San Pedro from March to July 2018

WSC WSC .
Area Sites | PBS <15L >15 L AC Tires NBS OBS
N (%) N (%) N (%) N (%) N (%) N (%)
SE 57 1(0.44) 3(1.32) 15 (6.61) 21 (9.25) 5 (2.20) 12 (5.29)
FP 46 5 (2.20) 2 (0.88) 25 (11.01) 7 (3.08) 0 (0.00) 7 (3.08)
AA SUC 20 0 (0.00) 1(0.44) 5 (2.20) 2 (0.88) 0 (0.00) 12 (5.29)
S 13 0 (0.00) 0 (0.00) 12 (5.29) 1(0.44) 0 (0.00) 0 (0.00)
Total | 136 6 (2.64) 6 (2.64) 57 (25.11) 31 (13.66) 5 (2.20) 31 (13.66)
DG 24 3(1,32) 2 (0.88) 12 (5.29) 6 (2.64) 0 (0.00) 1(0.44)
RA RC 67 34 (14.98) 10 (4.41) 20 (8.81) 3(1.32) 0 (0.00) 0 (0.00)
Total 91 37 (16.30) 12 (5.29) 32 (14.10) 9 (3.96) 0 (0.00) 1(0.44)
Overall total 227 43 (18.94) 18 (7.93) 89 (39.21) 40 (17.62) 5 (2.20) 32 (14.10)

PBS: Potential Breeding Sites; WSC: Water Storage Containers; AC: Abandoned Containers; NBS: Natural Breeding Site; OBS: Other breeding
sites; AA: Activity Area; RA: Residential Area; FP: Fishing Port; SE: SEPBA; SUC: Space Under Customs; HC: Health Center; DG: DG

Quarters; RC: Rade Quarters

Table 3: Nature and importance of Aedes breeding sites identified at the Port of San Pedro from March to July 2018

WSC WSC .
Area site | PBS | ABS 1oL STeL AC Tire NBS OBS
N N N (%) N (%) N (%) N (%) N (%) N (%)
SE 19 16 0(0.0) 1(6.25) 5 (31.25) 6 (37.50) 2 (12.50) 2 (12.50)
FP 30 | 27 3(11.11) 0 (0.0) 16 (59.26) 5 (18.52) 0(0.0) 3 (11.11)
AA suc | 11 10 0(0.0) 0(0.0) 2 (20.0) 2 (20.0) 0(0.0) 6 (60.0)
HC 9 9 0(0.0) 0(0.0) 8 (88.89) 1(11.11) 0(0.0) 0(0.0)
Total | 69 | 62 3 (4.84) 1(161) 31 (50.0) 14 (22.58) 2 (3.23) 11 (17.74)
DG 15 15 1(6.67) 0 (0.0) 10 (66.67) 3 (20.0) 0 (0.0) 1(6.67)
AR CR 26 | 25 5 (20.0) 4 (16.0) 14 (56.0) 2 (8.0) 0 (0.0) 0 (0.0)
Total | 41 | 40 6 (15.0) 4(10.0) 24 (60.0) 5 (12.50) 0(0.0) 1 (2.50)
Overall total 110 | 102 9 (8.82) 5 (4.90) 55 (53.92) 19 (18.63) 2 (1.96) 12 (11.76)

PBS: Positives Breeding Sites; PBS: Aedes Breeding Sites; WSC: Water Storage Containers; AC: Abandoned Containers; NBS: Natural
Breeding Site; OBS: Other breeding sites; AA: Activity Area; RA: Residential Area; FP: Fishing Port; SE: SEPBA; SUC: Space Under

Customs; HC: Health Center; DG: DG Quarters; RC: Rade Quarters
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Table 4: Productivity of deposits according to their nature in the port of San Pedro from March to July 2018

Breeding sites Breedings positives Breedings to Aedes pupae Productivity

Water storage containers <15L 12 9 37 11.56
Water storage containers >15L 5 5 19 5.93
Abandoned containers 58 55 235 73.43
Tires 19 19 20 6.25

Other breeding sites 14 12 7 2.18
Natural breeding sites 2 2 2 0.62
Total 110 102 320 100

Factors influencing the presence of Aedes larval

Bivariate analysis showed that water quality the presence of
organic debris and vegetation around the breeding sites
positively influenced the presence of Aedes aegypti larvae.
Aedes aegypti larvae preferred breeding sites with turbid
water three times more than those with clear water. While in
breeding sites with organic debris and those surrounded by
vegetation were respectively 2.45 and 2.01 times more
preferred by Aedes aegypti for breeding than those without
organic debris and vegetation around (Table 5).

Table 5: Environmental factors influencing Aedes aegypti
colonization of roost sites at San Pedro Port from March to July 2018

Factors Value IC 95%
Sampling area 0.95 0.55-1.62
Water quality 3.01 1.57-5.76

Presence of organic débris 2.45 1.42-4.20
Vegetation around 2.01 1.05-3.84
Sunny 0.78 0.45-1.37

Larvae index risk

The container index was 44.96% in the port of San Pedro.
This index was respectively 45.59% and 43.96% in the
activity and residential areas. The housing index (HI) and the
Breteau index (Bl) were estimated only in a residential area.
They were respectively 20.80% and 27.20% (Table 6).

Table 6: Stegomyian risk index at San Pedro port sites from March

to July 2018
Area Sites PBSBAHVIUH| HI | CI | BI WHO
Scale
Fishing Port 57 (27| 0 - 47.37] -- 9
Activi SEPBA 46116 0 - 3478 -- 8
Zt;:;ty Space Under customs | 20 |10 0 - |50 | -- 9
Health Centre 131910 - 69.23] -- 9
Total 136(62| 0 |--| -- [45.59 -- 9
Residentials Rade quarters 67 [25100385 17 [37.31] 20 | 3-8
Area DG Quarters 24 115|25|85| 36 [62.50| 56 | 5-9
Total 91 |40 |12547020.8043.96[27.20] 4-9
Overall total 227102[125{470120.8044.9327.20| 4-9

PBS: Potential breeding sites; BA: Breeding Aedes; HV: Houses
visited; HU: Housing Unit; HI: Housing Index; Cl: Containers Index;
Bl: Breteau Index;

Discussion

The development of maritime transport, port cities, and
international trade, combined with the adaptability of Aedes
mosquitoes, has increased the risk of their introduction and
establishment in countries >4 271, This spread of vectors poses
a health threat against arboviruses 1. To know the level of
infestation of mosquitoes of the genera Aedes and the
entomological risk of arboviruses through the description of
their larval ecology, this study has been undertaken, at the
port of the city of San-Pedro, the second largest port in Cote
d'Ivoire.
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After larval rearing, we have obtained 1453 mosquitoes
belonging to three genera (Aedes, Anopheles, and Culex) and
six species (Ae. aegypti, An. gambiae, Cx. fraseri, Cx.
nebulosus, Cx. quinquefasciatus, and Cx. rima). Aedes aegypti
accounted for 67.38% of the emergences. This abundance of
Aedes aegypti would link to urbanization associated with
human activities around the port. These have contributed to
the reduction of forest galleries in the port area. Our results
had in agreement with those of Konan et al. 281 and Fafana et
al. [l in their studies conducted in Abidjan. In these studies,
78.70% and 96.71% of Ae. aegypti obtained after rearing of
larvae. Cornet et al. 1 found that urbanization changes the
species composition of Aedes mosquitoes toward dominance
of Aedes aegypti in urban areas.

The results revealed six categories of sites colonized by Aedes
aegypti. Abandoned containers and tires constituted 53.92 and
18.63% of Aedes breeding sites, respectively. These observed
abundances could explain the poor management of solid
waste in the port area. In addition, their continual exposure to
rainwater could also explain their abundance. Our results
corroborate those of Shamal et al. %, who found that in the
port area of Goa, Aedes aegypti uses all types of
anthropogenic breeding sites for its development. Tia et al. B4
showed that populations create favorable conditions for
mosquito maintenance. Our results corroborate those of
Wilson-Bahun et al. ¥4 who found that in Brazzaville,
abandoned breeding sites (domestic waste) were more
colonized by Aedes aegypti and Aedes albopictus. These
authors mentioned that this proliferation of peri-domestic sites
is due to their poor management and unplanned urbanization.
At the port of Mumbai, India, Kumar et al. "1 found that the
high presence of Aedes aegypti in fire extinguisher buckets
was related to their poor management. The low proportion of
water storage containers containing Aedes aegypti larvae in
the residential area could be related to their proper
management in households.

Abandoned containers were 73.43% productive witnessing the
strong preference of Aedes mosquitoes towards the (CA) in
the study area. Alami et al. 31 mentioned that the hatching of
mosquito species is conditioned by the nature of the larval
breeding site. This confirms the preference of Aedes
mosquitoes to colonize domestic water sources and small
water containers exposed to rainwater. Our results corroborate
those of Akono et al. B4 who showed that in Cameroon,
mosquitoes colonize abandoned containers more.

The preference of Aedes aegypti for sites containing organic
debris, sites with surrounding vegetation, and sites with turbid
water is thought to be related to the availability of nutrients at
these breeding sites. Leaves from the vegetation surrounding
the sites typically fall back into the breeding sites and provide
food for the developing larvae. In addition, this organic debris
could serve as a hiding place for larvae to escape predators
34, In Yaoundé, Tedjou et al. B8 and in Brazzaville, Wilson
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Bahun et al. B3 found that Aedes aegypti and Aedes
albopictus larvae colonize more sites associated with organic
debris and surrounding vegetation. Barrera et al. 7, and
Overgaard et al. 8 have shown that the high presence of
Aedes in sites associated with turbid water and the presence of
organic debris are related to the amount of nutrients produced
by the organic debris for the larvae. was 45.59% and 43.93
respectively in the business and residential areas.

The House Index (HI) and the Breteau Index (BI) were
20.80% and 27.20%. According to the WHO 28 estimate, the
risk of an epidemic is moderate in the port of San Pedro. The
recorded index values indicate the existence of a sufficient
density of Aedes to cause an outbreak of arbovirus. Our
results corroborate those of Fofana et al. 4 who observed a
moderate risk level between 4-9 on the WHO density scale
with Cl = 40.26; HI = 70.9 and Bl = 21.3. However, our
results differ from those of Bhadauriya et al. . At Kandla
Port, India, they recorded Bl = 11.11 and 4.4, Cl = 8.10 and
1.17, and HI = 7.4 and 4.44, respectively, in residential and
commercial areas. In Cbte d'lvoire, studies have revealed
indices that differ from ours. Konan et al. %81 obtained indices
between 2 and 5 on the WHO density scale.

Conclusion

Entomological investigations carried at the port San Pedro
have identified six (6) categories of breeding sites, all
colonized by Aedes aegypti, vector of arboviruses in Cote
d'lvoire. These vectors preferentially use sites consisting of
abandoned containers. Breeding sites with turbid water, those
with organic debris, and those with surrounding vegetation
were more preferable by Aedes for breeding. The indices
larvae of risk obtained show that the risk of arbovirus
epidemics was moderate on the WHO density scale. These
findings indicate a need for entomological surveillance and
vector control in the port area of San Pedro. We recommend
that the port community properly recycle and manage
receptacles that contain water after use. Vector control
(mosquito control) with specialized teams could significantly
reduce the density of culicid populations.

Declaration of interest

The authors declare that they have no competing interest in
relation to this article. All the authors read and approved the
final version.

Acknowledgments

We would like to thank the staff of the Malaria and Emerging
and Re-emerging Tropical Diseases Service for their
contribution to data collection in the field. They also allowed
access to their insectary for the technical part of our activities.
We are deeply grateful to the staff of the port of San Pedro for
facilitating access to different sites.

Funding

This work was financially supported by the Agency funding
opportunity number (CDC-RFA- GH15-1627). The funder
had no role in data collection, analysis, interpretation, or
preparation of the manuscript.

References

1. Russell RC, Webb CE, Davies N. “Aedes aegypti (L.) and
Aedes polynesiensis marks (Diptera: Culicidae) in
Moorea, French Polynesia: a study of adult population

72

10.

11.

12.

13.

14.

15.

http://www.dipterajournal.com

structures and pathogen (Wuchereria bancrofti and
Dirofilaria immitis) infection rates to indicate regional
and seasonal epidemiological risk for dengue and
filariasis,”  Journal =~ of  Medical  Entomology.
2005;42:1045-1056.

Liang G, Gao X, Gould EA. Factors responsible for the
emergence of arboviruses; strategies, challenges, and
limitations for their control. Emerg Microbes Infect.
2015;4:18. https://doi.org/10.1038/emi. 2015.18 PMID:
26038768.

Bonizzoni M, Gasperi G. Chen X, James AA. The
invasive mosquito species Aedes albopictus: current
knowledge and future perspectives. Trends Parasitol.
2013;29:9.

Bhadauriya AS, Dhan S, Ramteke PU, Bhan S,
Lalthazuali, Kumawat R, et al. Entomological Survey for
Aedes Species at Deendayal Seaport, Kandla, Gujarat
India during Pre-Monsoon Period, 2018. Journal of
Communicable Diseases. 2020 (P-ISSN: 0019-5138 & E-
ISSN: 2581-351X), Copyright (c) 2020; 4.

Mouchet J, Giacomini T, Julvez J. La diffusion
anthropique des arthropodes vecteurs de maladie dans le
monde. cahier synthese santé. 1995;5:267-322.

Savage HM, Ezikf TV, Nwankwo ACN, Spiegel R,
Miller BR. First record of breeding populations of Aedes
albopictus in continental Africa: implications for
arboviral transmission, journey, of the mosquito control,
association. 1992;1:101-103.

Aranda C, Eritja R, Roiz D. First record of the
establishment of the mosquito Aedes albopictus in Spain.
Medical and Veterinary Entomology. 2006;20:150-152.
Vaccus G. Expansion géographique d’Aedes albopictus.
Quel risque de maladies émergentes en France
métropolitaine ? Mémoire pour 1’obtention de mémoire
agricole Institut national de médecine Agricole, 14, rue
Auguste Conte 37000 tours, 2012, 111.

Paupy C, Ollomo B, Kamgang B, Nkoghe D, Rousset D,
Vazeille M, et al. Introduction et invasion d'Aedes
albopictus en Afriqgue Centrale quel lien avec
I'émergence de la dengue et du chikungunya ? Colloque,
2007, 1-2.

WHO. La dengue en Afrique: émergence du DENV-3,
Cote  d’Ivoire, 2008. Releve Epidemiologique
Hebdomadaire. 2009; No 11/12, 13 Mars 2009. 1-4.
WHO. Weekly épidémiologique record Relevé
épidémiologique hebdomadaire, 12 july 2013, 88th year /
12 juillet. 2013;28:285-300.

Aoussi EBF, Ehui E, Kassi NA, Kouakou G, Nouhou Y,
Adjogoua EV, et al. Seven native cases of dengue in
Abidjan, Ivory Coast, Sept cas de dengue autochtone a
Abidjan, Cote d’Ivoire. Meédecine et Maladies
Infectieuses. 2014;44:433-436.

L’Azoua M, Succoa T, Kamagate M, Ouattarac A,
Gilbernaird E, Adjogouae E, et al. Dengue: etiology of
acute febrile illness in Abidjan, Céte d’Ivoire, in 2011—
2012, Trans. R. Soc. Trop. Med. Hyg. 2015;109:717-722.
Fofana D, Beugré J-MV, Yao-Acapovi GL, Lendzele SS.
Risk of Dengue Transmission in Cocody (Abidjan, Ivory
Coast). Hindawi, Journal of Parasitology Research, 2019.
ID 4914137. 7p.

Konan YL, Coulibaly ZI, Kone AB, Ekra KD, Doannio
JM-C, Dosso M, et al. Species composition and
population dynamics of Aedes mosquitoe, potential


http://www.dipterajournal.com/

International Journal of Mosquito Research

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

vectors of arboviruses, at the container terminal of the
autonomous port of Abidjan, Cote d’Ivoire, Parasite.
2013;20:1-6.

Zahouli JBZ, Koudou BG, Muller P, Malone D, Tano Y,
Utzinger J. Urbanization is the main driver for the larval
ecology of Aedes mosquitoes in arbovirus endemic
settings in south-eastern Cote d’Ivoire. PLoS Negl Trop
Dis. 2017;7:e0005751.

IHR. Surveillance des vecteurs et lutte antivectorielle
dans les ports, les aéroports et aux postes-frontieres,
Manue, ISBN 978 92 4 254959 1. 2005, 104.

PRIUM-CI. Project for the Renaissance of Infrastructure
and Urban Management in C6te d'lvoire. Actualisation
du cadre de politique de réinstallation (CPR), rapport
Ministére des Infrastructures Economiques, Abidjan,
Céte d’Ivoire, 2016, 1-133.

MESD-CI. Monographic and Economic Studies of the
Ivory Coast Districts. Etudes monographiques et
économiques des districts de Cote d’Ivoire district du
Bas-Sassandra, ministére d’état, ministére du plan et du
développement. Note de synthése. 2015, 1-70.

APSP. Autonomous Port of San-pédro. 2014. Fiche de
présentation du port de San Pédro. Port Autonome de San
Pédro, Société d’Etat, République de Cote d’Ivoire. 7p.
Adou SG, Silue K, Kablan NHJ. Impact des
infrastructures portuaires sur la semi dynamique des
activités : Cas de San Pedro. Revue espace géographique
et société marocaine. 2018;24-25:1-13.

WHO. TDR. Operational guide for assessing the
productivity of Aedes aegypti breeding sites. 2011.
www.who.int/tdr/publications/ documents/sop-pupal-
surveys, 2011, 1-30.

Edwards FW. Mosquitoes of Ethiopian region. IlI:
Culicidae adultes and pupae, London Brit. Mus. (Nat.
Hist.), 1941, 1-449.

Huang YM. The subgenus Stegomyia of Aedes in the
Afrotropical Region with keys to the species (Diptera:
Culicidae) Zootaxa 700. 2004, 1-120.

WHO. Regional Office for South-East Asia. Prevention
and control of dengue and dengue hemorrhagic
fever. WHO  Regional  Office  for  South-East
Asia. https://apps.who.int/iris/handle/10665/205653.
1999;29:1-135.

WHO. Guide technique pour 1’établissement d’un
systtme de surveillance de la fiévre jaune. Rélev.
Epidemiol. Hebdo. 1971;46:493-504.

Kumar K, Sharma AK, Sarkar M, Chauhan A, Sharma R.
Surveillance of Aedes aegypti (L.) Mosquitoes in
Mumbai International Seaport (India) to Monitor
Potential Global Health Risks. Journal of Insects, 2014,
1-5.

Konan YL, Kone AB, Coulibaly ZI, Fofana D, Guindo-
Coulibaly N, Diallo M, et al. Evaluation entomologique
du risque d’épidémie urbaine de fiévre jaune survenue en
2008 dans le district d’Abidjan, Cote d’Ivoire. Med Sante
Trop. 2013;23:66-71. Doi : 10.1684/mst.2013.0153.
Cornet M, Dieng PL, Valade M. Note sur I’utilisation des
pondoirs-pieges dans les enquétes sur les vecteurs
selvatiques de fiévre jaune. Cah ORSTOM Ser Entomol
Med Parasitol. 2016;1978(16):309-314.

Sharma AK, Kumar K, Singh S. Entomological
surveillance for the vector of yellow
fever/dengue/chikungunya in and around ports of Goa,

73

31.

32.

33.

34.

35.

36.

37.

38.

http://www.dipterajournal.com

India. International Journal of Pure and Applied Zoology.
2015;3:204-2009.

Tia E, Gbalegba NGC, M’bra KR, Kaba A, Boby OAM,
Koné M, et al. Etude du niveau de production larvaire
d’Anopheles gambiae s.lI. (Diptera : Culicidae) dans les
différents types de gites a Oussou-yaokro au Centre-
Ouest et a Korhogo, au Nord (Céte d’Ivoire). Journal of
AppliedBiosciences. 2016;105:10170-10182.
Wilson-Bahun TA, Kamgang B, Lenga A, Wondji SC.
Larval ecology and infestation indices of two major
arbovirus vectors, Aedes aegypti and Aedes albopictus

(Diptera: Culicidae), in Brazzaville, the capital city
of the Republic of the Congo. Parasites & Vectors.
2020;13:1-18.

Alami EOA, El Hilali O, Benlamlih M, Merzouki M,
Raiss N, Ibensoudakouraichi S, et al. Etude
entomologique, physico-chimique et bactériologique des
gites larvaires de localités a risque potentiel pour le
paludisme dans la Ville de Feés. Bulletin de I’Institut
Scientifique, Rabat. 2010;32:119 -127.

Akono PN, Mbida AM, Ambene PA, Enga LY, Kayoum
YA, Kekeunou S. Habitats larvaires et sensibilité des
vecteurs du paludisme aux insecticides dans des localités
(-urbaine et rurale) de la région du littoral camerounais :
données préliminaires. Revue d’Ecologie (Terre et Vie).
2018;73:132-141.

Cox J, Grillet ME, Ramos OM, Amador M, Barrera R.
Habitat segregation of dengue vectors along an urban
environmental gradient. Am. J. Trop. Med. Hyg.
2007;76:820-826.

Tedjou AN, Kamgang B, Yougang AP, Wilson-Bahun
TA, Njiokou F, Wondji CS. Patterns of Ecological
Adaptation of Aedes aegypti and Aedes albopictus and
Stegomyia Indices Highlight the Potential Risk of
Arbovirus Transmission in Yaoundé, the Capital City of
Cameroon. Pathogens. 2020;491:1-17.

Barrera R, Amador M, Clark GG. Ecological factors
influencing  Aedes aegypti (Diptera:  Culicidae)
productivity in artificial containers in Salinas, Puerto
Rico. J. Med. Entomol. 2016;43:484-492.

Overgaard HJ, Olano VA, Jaramillo JF, Matiz MI,
Sarmiento D, Stenstrom TA, Alexander N. A cross-
sectional survey of Aedes aegypti immature abundance in
urban and rural household containers in central
Colombia. Parasites & Vectors. 2017;10:11-2.


http://www.dipterajournal.com/

