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Introduction: Many sampling methods are used for entomological surveillance

of vector borne diseases. This paper, evaluated the performance of five methods

with regard to various ecosystems encountered in Cameroon.

Material and methods: Two entomological databases generated during two

study periods were examined: 2011-2014 in the North Region, and 2018-2019 in

the Centre Region. Mosquitoes were collected using the (Human Landing

Catches) (HLC) and four alternative methods including Clay Pots (CPs),

Pyrethroid Spray Catches (PSCs), Window Exit Traps (WETs) and Centers for

Disease Control-Light Traps (CDC-LTs) for which the performance was assessed

in this study.

Results: A total of 29 anopheline species were identified from samples collected

during the two study periods. All these anopheline species were found in North

Region, with 5 species being the most abundant and prévalent, i.e. An. gambiae

s.l, An. funestus, An. rufipes, An. paludis and An. pharoensis. In the Centre Region,

only five species including An. gambiae s.l, An. funestus, An. coustani, An.

ziemanni and An. paludis were recorded. Among these, An. gambiae s.l was

the most abundant and prevalent species. Data confirmed HLC as the best in

sampling outdoor and indoor mosquitoes in the surveyed HDs. The alternative
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methods showed variable records regarding the species richness. Based on the

number of mosquitoes collected, CP was an alternative to HLC for outdoor

collections in Garoua and Pitoa HDs, while WET was an alternative in Mayo Oulo

HD. In the Centre Region, CDC-LT was an alternative to HLC for indoor

collections in Ekié and Nkolbisson HDs, while PSC proved to be the best

alternative in Nkolondom HD. Regarding the species richness WET appeared as

an alternative to HLC in sampling outdoor mosquitoes in Garoua and Mayo Oulo

HDs, while CP was the best alternative in Pitoa HD. In the Centre Region, CDC-LT

was an alternative for outdoor and indoor collections in Nkolbisson HD, and the

best alternative for outdoor collections in Ekie HD.

Conclusion : The current study revealed variable performance of the five tested

adult mosquito collection methods across the prospected HDs in North and

Centre Regions of Cameroon. Further investigations will be conducted on other

collection methods, e.g., aspiration, mosquito electrocuting grid trap, ovitraps

and human-baited double net trap.
KEYWORDS

mosquito sampling methods, performance, malaria vector surveillance,

Anopheles, Cameroon
1 Introduction

Vector borne diseases (VBDs) represent a growing threat to

human and animal health. They are a broad and varied group of

diseases with the common denominator that pathogens are

transmitted through contact or bites of arthropods including

mosquitoes, ticks, and aquatic snails (1). In the early 20th century,

VBDs were among the world’s most serious public human and

animal health problems (2). Currently, they account for more than

17% of all infectious diseases, causing about 1 million deaths

annually (3). Over half of the world’s human populations are at

risk, and the heaviest burden is borne by the world’s poorest people

living in inter-tropical zones, particularly those located in sub-

Saharan Africa (SSA) (4). Vector control is the most effective

weapon for mass prevention of number of these diseases both

historically and today (5). Among VBDs, malaria is a life-

threatening disease primarily found in tropical countries, but it

represents a global health problem for human populations. The

World Health Organization (WHO) reported an estimated 247

million cases and 619,000 deaths due to malaria in 2021. Countries

in SSA carry the heaviest part of the global malaria burden with

95.5% cases and 96.3% deaths recorded in 2021 (6). Cameroon is

among the 11 countries displaying the highest malaria burden in

SSA with 2.7% (N = 6,669,000) of all global malaria cases and 2.3%

(N = 14, 237) deaths recorded in 2021 (6). For mass prevention,

WHO mainly recommends long-lasting insecticidal nets (LLINs)

and (2) insecticide indoor residual spraying (IRS) (7).

Cameroon adopted in 2002 the use of mosquito nets i.e.,

insecticides treated nets (ITNs) and latterly long-lasting
02
insecticidal nets (LLINs) as the main malaria mass prevention

intervention throughout the 10 Regions of the country. Since

then, four nationwide mass distribution campaigns have been

delivered around 48, 613,031 LLINs, including 8,654,731 in 2011;

11,761,972 in 2015-2016; 10,440,128 in 2019 and 17, 756, 200 for

the ongoing distribution in 2023, in order to achieve the universal

coverage (one net for two people all over the country). Nets have

been distributed in the all the country Regions across the

three main malaria epidemiological zones, namely the Sahelian

zone where transmission lasts 3-4 months per year, the tropical

zone where transmission lasts 6-9 months and the equatorial zone

where transmission is continuous all year round. These ecological

zone lead to different patterns of vector species’ diversity, with

various adaptative capacities, biting and resting behavior and levels

of susceptibility to insecticides.

To assess the epidemiological impact of wide usage of LLINs,

both parasitological and entomological surveys are to be considered.

The entomological impact assessment involves routine surveillance

of anopheline vector populations through adequate mosquito

sampling methods at larval and/or adult stages. For a country-

wide assessment, it is important to conduct routine entomological

surveys in the main malaria epidemiological facies. In the

framework of this study five collection methods have been tested

namely “Human Landing Catches (HLC), Pyrethrum Spray Catches

(PSC), Centers for Disease Control Light Traps (CDC-LT), Clay

Pots (CP) and Window Exit Trap (WET) (8–11). Nevertheless,

most of the data on malaria vectors in Cameroon were collected

using HLC considered as the reference sampling method. However,

this method is very tedious, requiring well-trained mosquito
frontiersin.org
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collectors, a lot of material and financial resources, and above all, it

raises ethical issues. Therefore, this method is often restricted to

specific research projects rather than entomological surveillance.

Although the other existing mosquito sampling methods do not

involve human exposure in their procedure, their performance in

various malaria epidemiological contexts regularly raise debates.

This paper aims at assessing the performance of four mosquito

sampling methods deployed in both tropical and equatorial malaria

epidemiological facies encountered in Cameroon. The expected

results will enable the National Malaria Control Programme and

research institutions involved in vector control and entomological

studies to select the appropriate method for mosquito sampling

according to the ecological zones and the objectives of the surveys.
2 Materials and methods

2.1 Study sites

The data presented in this study derived from two

entomological databases composed of data from longitudinal

surveys carried out in a total of 6 health districts (HDs) including

3 HDs in the North region and 3 HDS in the Centre region of

Cameroon. The entomological data obtained from the North region

were collected in the framework of the “Impact of Resistance”

project conducted between 2011 and 2014, while those from the

Center region were generated from DMC-MALVEC Project

conducted between 2018 and 2019. The HDs prospected in the

North region included Garoua (9°30′00′′N, 13°40′00′′E), Pitoa (9°
21′00′′N, 13°31′00′′E) and Mayo Oulo (9°46′00′′N, 13°44′00′′E) in
urban, semi-urban and rural areas respectively. The North region

lies within the Soudanian climate domain with 700–1,000 mm of

annual rainfall of 4 months of rains (July to October) and 8 months

of dry season (November to June) with an average annual

temperature between 27°C and 28°C. The region is located in the

tropical zone where malaria transmission is seasonal (4 months per

year) and occurs during the rainy season. Yearly cross-sectional

entomological surveys were conducted during the high

transmission season between September and November for four

consecutive years from 2011 to 2014. In the North Region,

mosquitoes were collected in 24 locations grouped into HDs as

presented by Mandeng and colleagues (12).

In the Centre region, mosquito collections were conducted in

three HDs in Yaoundé city namely, Ekié (3°49’60”N, 11°33’00”E),

Nkolbisson (04°35’18”N, 09°37’48”E) and Nkolondom (03°

56’52”N, 11°30’18”E) located in urban area. Yaoundé, the capital

city of Cameroon is located in the Guinean equatorial zone under

the influence of the equatorial climate with 4 seasons throughout

the year: 2 dry seasons (December-February and July-August) and 2

rainy seasons (March-June and September-November).

Temperatures are mild with mean annual ranging from 23 to

25.5°C. The mean rainfall ranges between 1,500 mm to 1,800

mm. The climate is characterized by the alternation of dry and

rainy seasons throughout the year, creating favorable conditions for

mosquito development and malaria ongoing transmission. The
Frontiers in Tropical Diseases
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Centre region is situated in the equatorial zone where malaria

transmission occurs throughout the year. Yearly cross-sectional

entomological surveys were conducted during the low malaria

transmission season between April and May in 2018 and the high

transmission season between September and October in 2019. In

the Centre Region (Yaounde), mosquitoes were collected in one site

of each selected HD. Details on the description of these collection

sites are provided in Piameu and colleagues (13).
2.2 Mosquito collection and identification

Adult mosquitoes were collected across 36 houses randomly

selected in 6 surveyed HDs, i.e. 24 in the North region and 12 in the

Centre region. In addition to the standard « Human landing catch »

technique, adult mosquitoes were also collected using other

conventional sampling methods. All these mosquito sampling

methods are described elsewhere (14–16) and those used in the

framework of this study are presented in Figure 1. In the North

Region, conventional methods included window exit traps (WETs),

clay-pots (CPs) and pyrethrum spray catches (PSCs). Each method

was performed in 6 houses for 2 non-consecutive days. In the

Centre region, the methods used were CDC-Light Trap, pyrethrum

spray catches (PSCs) and window exit traps (WET), each method

being performed in 3 houses for 2 non-consecutive days. Collected

mosquitoes were sorted by genus and those belonging to Anopheles

genus were morphologically identified down to species/species

complex using standard taxonomic keys for the region (17, 18).
FIGURE 1

Set of the mosquito collection methods used in collecting
anopheline samples in the North and Centre regions. (1) Clay-pots
(CPs), (2) Pyrethrum spray catches (PSCs), (3) CDC-Light Trap, and
(4) Window exit traps (WET), (S) Standard references method
(Human landing catches), 1, 2, 4 and S were used in the Northern
region; 2, 3, 4 and S were used in the Centre region.
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2.3 Data analysis

The collected anopheline specimens were analysed in terms of

species richness, community species relative abundance, and

distribution status of species. The relative abundance (RA) and

distribution status of mosquito species (Ds) were calculated as

suggested in previous studies (19–22). The RA of each anopheline

species in each surveyed HD considered in this case as a community,

so called community species relative abundance (csRA), was

calculated as, csRA = (n/N) *100, where “n” is the number of

specimens of a particular species and “N” is the total number of

specimens collected. Based on the values of csRA, mosquito species

were categorized according to Trojan (23) into the following classes:

Rare (csRA < 1%), Sub-dominant (csRA < 5%) and Dominant species

(csRA > 5%). The distribution status of species was calculated as, Ds =

(s/S) *100; where “s” is the number of sites where the mosquito

species were found, and “S” is the total number of sites surveyed.

Based on the values of Ds, species were categorized according to

Dziêczkowski (24) into the following classes: Ds = 0 to 20%

(sporadic); Ds = 20.1 to 40% (infrequent); Ds = 40.1 to 60%

(moderate); Ds = 60.1 to 80% (frequent), and Ds = 80.1 to 100%

(constant). Species richness was evaluated using Shannon-Wiener

ecological index (H’) (25). This measure corresponds to the entropy

concept defined as:

H 0 = −o
n

i=1
piln(p)

pi = the proportional abundance or percentage abundance of a

species present (pi = ni/N).

ni = the number of individuals counted for a species present.

N = the total number of individuals counted; al l

species combined.

S = the total or cardinal number of the list of species present.

The value Hmax = log2(S) corresponds to a heterogeneous

population for which all the individuals of all the species are equally

distributed. The Piélou’s evenness index (E) was defined as E = H’/

Hmax. This index therefore varies between 0 and 1, if Hmax tends

towards E = 1, then the species present in the stand have identical

abundances. If it tends towards E = 0, then we are in the presence of

an imbalance where a single species dominates the entire stand.

The annual relative abundance of each mosquito species (aRAs)

over the 2 or 4 years of collection was calculated as aRAs = (n/N)

*100, where “n” is the number of specimens of a particular species

collected during a given year and “N” is the total number of

specimens collected during the collection period (2 years in the

Region or 4 years in the North region). Descriptive statistics were

performed and presented according to the type of variable.

Qualitative variables were presented as frequencies and percentages,

while quantitative variables were presented as means or medians (M)

and standard deviations (SD). Since the mosquito-sampling data for

each collection method violated the ANOVA assumptions of

normality (Shapiro-Wilk test) and equal variances (Bartlett’s test),

these data were compared using the non-parametric Kruskal-Wallis

test. When this test was significant, the Dunn’s test was performed to
Frontiers in Tropical Diseases 04
compare the subgroups 2 by 2, using Bonferroni’s correction to avoid

inflation of the type I error. Finally, negative binomial models were

implemented through multiple regressions to explain the variability

in the number of mosquitoes collected by each method. The

significance of the incidence rate ratio (IRR) was used to assess the

association between number of mosquitoes and explanatory

variables. The magnitudes of IRR were used to define an order for

the different collection methods. For species richness, the proportions

of species collected were computed. For each proportion, its

confidence interval was calculated using a binomial approach.
3 Results

3.1 Anopheline fauna, species richness
and composition

A total of 19,751 anopheline specimens including 19,042 from

the North Region and 709 from the Centre Region were collected

during entomological surveys conducted for the two projects. The

collected anopheline specimens consisted of 29 species

heterogeneously distributed within the six surveyed HDs. The

species richness varied among the prospected HDs. The

distributions of species collected between 2011 and 2014 across

the 3 surveyed HDs in the North region and the 3 HDs of the Centre

region between 2018 and 2019 are presented in Figure 2.

The North region had relatively high species richness with 29

species, including 13, 17 and 22 species in the Garoua, Pitoa and

Mayo-Oulo HDs respectively. These species were classified in six

groups (Figure 2A): (1) a group composed of 8 species including An.

coustani, An. funestus, An. gambiae s.l, An. implexus, An. paludis,

An. pharoensis, An. rufipes and An. ziemanni which were found in

the three HDs; (2) a group consisting of two species namely An.

squamosus and An. tenebrosus found in Garoua and Mayo Oulo

HDs; (3) a group composed of 5 species including An. christyi, An.

maculipalpis, An. nili, An. pretoriensis and An. smithii found in

Pitoa and Mayo-Oulo HDs; (4) a group composed of 3 species

including An. longipalpis, An. moucheti, and An. obscurus found in

Garoua HD; (5) a group composed of 4 species namely An.

carnevalei, An. marshallii, An. hancocki, and An. jebudensis found

only in Pitoa HD and (6) a group consisting of 7 species namely An.

ardensis, An. azaniae, An. barberellus, An. domicolus, An. kingi, An.

natalensis and An. rhodesiensis found only in Mayo Oulo HD.

The mosquito collections from the Centre region were

characterized by a low species richness with five species recorded.

Of these, 3 species were found in Ekié HD, 4 in Nkolbisson HD and

only one was found in Nkolondom HD (Figure 2B). The 5 species

were divided into the following 4 groups: (1) a mono-specific group

consisting of An. gambiae s.l, commonly found in the three HDs, (2)

a mono-specific group consisting of An. funestus found in Ekie and

Nkolbisson HDs; (3) a mono-specific group consisting of An.

ziemanni, found in EKié HD, and (4) a group of two species

including An. coustani and An. ziemanni only found in

Nkolbisson HD.
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3.2 Relative abundance, distribution of
anophelines and species diversity

The community species relative abundance and distribution of

anopheline species sampled in each HD are presented in Table 1. In

the North region, 5 anopheline species including An. gambiae s.l,

An. funestus, An. rufipes, An. paludis and An. pharoensis were the

most abundant and ubiquitous in the three surveyed HDs. An.

gambiae s.l and An. funestus were dominant (csRA > 5%) and

constant (Ds > 80.1%) species in the 3 HDs. An. paludis was a sub-

dominant species in the 3 HDs (csRA< 5%), but sporadic in Garoua

and Pitoa HDs (Ds = 0 - 20%) and moderate in Mayo Oulo HD

(Ds = 40.1-60%). An. pharoensis was a dominant (csRA > 5%) and

infrequent (Ds = 20.1- 40%) species in Garoua HD, but sub-

dominant (csRA< 5%) and moderate (Ds = 40.1 - 60%) in Pitoa

HD, while it was sub-dominant (csRA< 5%), and sporadic (Ds = 0 -

20%) in Mayo Oulo HD. An. rufipes was a dominant (csRA > 5%)

and infrequent (Ds = 20.1- 40%) species in Garoua HD, sub-

dominant (csRA< 5%) and frequent (Ds = 60.1 – 80%) in Pitoa

HD, dominant (csRA > 5%) and frequent (Ds = 60.1 – 80%) in

Mayo -Oulo HD. Except for An. rhodesiensis and An. squamosus

which were rare (csRA< 1%), and infrequent (Ds = 20.1- 40%)

species in Mayo-Oulo HD, An. ziemanni and An. pretoriensis which

were rare (csRA< 1%), and moderate (Ds = 40.1 - 60%) species in

the same HD. The other 20 remaining species identified in at least

one of the 3 surveyed HDs were rare (csRA< 1%), and sporadic

(Ds = 0 - 20%).

In the Centre region, An. gambiae s.l was a dominant (csRA >

5%) and constant (Ds = 80.1-100%) species in the 3 surveyed HDs.

An. funestus was a dominant (RA > 5%) and frequent (Ds = 60.1 -

80%) species in Ekie and Nkolbisson HDs, but it was absent in

Nkolondom HD. The species An. coustani and An. paludis found in

Nkolbisson HD, and An. ziemanni in Ekié HD were distributed as

rare (csRA< 1%), and sporadic species (Ds= 0 - 20%).

Table 2 shows indicators of ecological diversity for anopheline

species in the surveyed HDs in the North and Centre regions. The

values of the Shannon-Wiener index ranged from 0.5 to1.5 in the HDs

of the North Region and were below 0.5 in the HDs of the Centre
Frontiers in Tropical Diseases 05
Region. Overall, the values are below 1.5, indicating a low species

diversity in the surveyed HDs. However, among the HDs surveyed in

each region, the species diversity was greatest inMayo-Oulo (H’ = 1.48)

and Ekie HDs (H’ = 0.69) in the North and Centre regions respectively.

The species evenness index (E) within the HDs ranged between 31%

and 47% in the HDs of the North region, and between 7% and 55% in

the HDs of the Centre Region. These data suggest that the anopheline

species collected are unequally distributed in the surveyed HDs. The

presence of only a single species in the Nkolondom HD precluded

investigation of species diversity in this HD.
3.3 Spatial and temporal variation of
anopheline species

The species richness and annual relative abundance of each

mosquito species (aRAs) varied from one year to another within the

same HD and between HDs in the same region. The variation in

species richness over the collection period in the North and Centre

Regions are shown in Figure 3. In the North region, the species

richness of anophelines from 2011 to 2014 ranged from 5 to 9

species in Garoua HD, 6 to 17 species in Pitoa HD and 10 to 15

species in the Mayo Oulo HD (Figure 3A).

In the Garoua and Pitoa HDs, the number of species

contributing in anopheline biodiversity was below 10 over the

four collection years, except in Pitoa HD where 17 species were

recorded in 2013. In Mayo Oulo HD, the number of species

composing the biodiversity was equal to or greater than 10 over

the four collection years, with a maximum of 15 species recorded in

2012. In the Centre region, species diversity from 2018 to 2019

ranged from 2 to 3 species in Ekie and Nkolbisson HDs, while only a

single species complex was found in Nkolondom HD over the two

collection periods (Figure 3B).

The study of spatial and temporal variation in the annual

relative abundance of each mosquito species (aRAs) collected in

the surveyed HDs was carried out only for the 5 main malaria

mosquito species/species complex including An. funestus, An.

gambiae s.l, An. paludis, An. pharoensis, and An. rufipes in the
A B

FIGURE 2

Distribution of anopheline species collected in the health districts surveyed in the North region between 2011 and 2014 (A) and the Centre region
2018 and 2019 (B).
frontiersin.org

https://doi.org/10.3389/fitd.2024.1235146
https://www.frontiersin.org/journals/tropical-diseases
https://www.frontiersin.org


Nwane et al. 10.3389/fitd.2024.1235146
TABLE 1 Community species relative abundance and distribution of anopheline species collected between 2011-2014 in the North region and
between 2018-2019 in the Centre Region.

Region Anopheles species
Garoua Pitoa Mayo-Oulo

N csRA Ds N csRA Ds N csRA Ds

North An. ardensis − − − − − − 2 S s

An. azaniae − − − − − − 4 S s

An. barberellus − − − − − − 5 S s

An. carnevalei − − − 3 S s − − −

An. christyi − − − 21 S s 78 − −

An. coustani, 3 S s 7 S s 15 S s

An. domicolus − − − − 4 S s

An. funestus, 1193 D c 1139 D c 173 D c

An. gambiae s.l 6222 D c 5839 D c 1010 D c

An. hancocki, − − − 2 S s − − −

An. implexus − S s 12 S s 21 S s

An. kingi 1 S s − − − 4 S s

An. longipalpis 1 S s − − − − − −

An. maculipalpis − − − 47 S s 10 S s

An. marshallii − − − 8 S s − − −

An. moucheti 2 S s − − − − − −

An. natalensis − − − − − − 1 S s

An. nili − − − 2 S s 1 S s

An. obscurus, 1 S s − − − − − −

An. paludis 266 SD s 123 SD s 31 SD m

An. pharoensis 663 D i 266 SD m 98 SD s

An. pretoriensis − − − 4 S s 11 S m

An. rhodesiensis − − − − 2 S i

An. rufipes 674 D f 140 SD f 868 D f

An. smithii − − − 13 S s 1 S s

An. squamosus 6 S s − − − 17 S i

An. tenebrosus, 1 S s − − − 1 S s

An. jebudensis 0 − − 4 S s − − −

An. ziemanni 3 S s 10 S s 12 S m

Total/North 9036 − − 7637 − − 2369 − −

Centre Anopheles species Ekie Nkolbisson Nkolondom

An. coustani 0 − − 1 S s − − −

An. funestus 26 D f 18 D f − − −

An. gambiae s.l 180 D c 211 D c 271 D c

An. paludis 0 − − 1 S s − − −

An. ziemanni 1 S s 0 − − − − −

Total/Centre 207 231 271
F
rontiers in Tropi
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N, number of anophelines collected; An, Anopheles; −, absent or not eligible; csRA, community species relative abundance; S ,rare; SD, Sub-dominant; D, Dominant; Ds, distribution status of
species s, sporadic; c, constant; f, fre-quent; i, infrequent; m, moderate.
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North Region and for only on An. gambiae s.l in the Centre Region.

The dynamics of the annual relative abundance of each species by

year of collection, HD and region is shown in Figure 4. Whether in

the North or Centre region, each species showed fluctuations in

relative abundance from one year to the other across the surveyed

HDs. Overall, the maximum relative abundance of the species

collected was observed in 2013 compared to the other collection

years. Considering all the collections performed for the 5 main

species recorded in the three surveyed HDs between 2011 and 2014

in the North Region, the following trends were noted:
Fron
- (1) An. funestus was abundantly collected in 2013 in Garoua

HD (≈ 50%) and in 2012 and 2014 in Mayo-Oulo and Pitoa

HDs (≈ 35-40%). This species was less collected in 2011 in

Garoua and Mayo Oulo HDs (< 12%), and in 2013 in Pitoa

HD (< 20%). A significant difference was noted between the

2013 relative abundances recorded in each HD compared

with that of 2011 in Garoua and Mayo Oulo HDs and 2012

in Pitoa HD (p< 0.05), (Figure 4A);

- (2) An. gambiae s.l. was more collected in 2013 in Garoua

and Pitoa HDs (40-50%) and in 2011 in Mayo Oulo HD

(≈ 42%). The low relative abundances of this species were

recorded in 2011 in Garoua and Pitoa HDs (≈ 5-18%)
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and in 2012 in Mayo Oulo (≈ 10%). It was noted a

significant difference between the 2013 and 2011 relative

abundances in Garoua and Pitoa HDs and between the

2011 and 2012 relative abundances in Mayo Oulo HD

(p< 0.05), (Figure 4B);

- (3) An. paludis was more abundant in 2013 in Pitoa and Mayo-

Oulo HDs (≈ 75-80%) and in 2012 in Garoua HD (≈ 45%). It

was almost absent in 2011 in the 3 HDs, but appeared at low

relative abundances (< 15%) in 2014 with relative abundances

significantly lower compared with that of 2013 in Pitoa and

Mayo-Oulo HDs and 2012 in Garoua HD (p<

0.05) (Figure 4C);

- (4) An. pharoensis abundance was higher in 2013 in Pitoa and

Mayo Oulo HDs (≈ 55-85%) and in 2011 in Garoua HD (≈

55%). Compared to the2011 and 2013 relative abundances

noted in the corresponding HDs, this species showed

significantly lower relative abundances in 2012 and 2014 in

the three surveyed HDs (< 10%), (p< 0.05), (Figure 4D);

- (5) An. rufipes was more abundant in 2013 in all three HDs

(≈ 35-50%), but with significantly lower relative abundances

noted in 2011 in Garoua HD (≈10%), 2012 in Pitoa HD (≈

7%) and 2014 in Mayo Oulo HD (< 10%) compared with

those of 2013 recorded in the corresponding HDs (Figure 4E).
TABLE 2 Ecological diversity indices of anopheline populations of the surveyed health districts in the North and Centre regions.

Ecological diversity indices

Region / Health districts

North Centre

Garoua Pitoa Mayo Oulo Ekie Nkolbisson Nkolondom

SR 13 17 22 2 4 1

H’ 1.03 0.90 1.48 0.38 0.10 ND

E (%) 39.2 31.1 46.9 54.70 7.37 ND
SR, species richness; H’, Shannon-Wiener; E (%), evenness index.
A B

FIGURE 3

Temporal variation in species richness of anopheline species in the surveyed health districts of the North (A) and Centre (B) regions.
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A B

D

E F

C

FIGURE 4

Spatial and temporal variations in annual relative abundance of the main mosquito species collected in the surveyed health districts s of the North and

Centre regions. n, number of mosquitoes species collected. Garoua; Pitol; Mayo Oulo: Health, districts of the North

region corresponding to (A), (B), (C), (D) and (E). Ekie; Nkalbisson; Nikolondom: Health, districts of the Centre region
corresponding to (F).
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In the Centre region, An. gambiae s.l. was the main and most

abundant species collected in the 3 HDs with high mosquito

number recorded in 2018 than 2019. This species was very

abundant in 2018 (76.7%) in the Nkolbisson HD and less

abundant (23.3%) in the same HD in 2019 (Figure 4F).
3.4 Performance of mosquito
collection methods

3.4.1 Outdoor collections
In the North region, the mean number of mosquitoes collected

outdoors in the three HDs by HLC, CP and WET were 534

(SD = 354.44), 281 (SD = 251.9) and 233 (SD = 283.3) respectively.

The number of mosquitoes collected by HLC was higher than those

obtained by CP and WET in the 3 surveyed HDs. (Figure 5A). The

association between collection methods and number of mosquitoes

collected was not statistically significant (Kruskal-Wallis H = 5.622, df

= 2, p = 0.0601). A 2 by 2 comparison was not necessary because there

was no significant difference between mean numbers of mosquitoes

collected by the different collection methods. As part of this analysis,

the explanatory variables, including the collection method, the health

district and the year of collection, were taken into consideration.

Compared to the HLC method, the CP (IRR = 0.303, p< 0.0001)

andWETmethods (IRR = 0.206, p< 0.0001) collected a low number of
Frontiers in Tropical Diseases 09
mosquitoes when considering that collections were performed at the

same conditions. Similarly, the IRR recorded with the CP method was

higher than that of the WET method, but the difference was not

significant because their 95% confidence intervals overlapped (Table 3).

Compared to Garoua HD, a low mosquito number was collected in

Mayo Oulo HD (IRR = 0.235, p< 0.0001), all other variables being

equal. In Pitoa HD however, a slight increase in the number of

mosquitoes collected was noted although not significant (IRR =

1.261, p = 4156) compared to Garoua HD. Likewise, compared to

2011, more mosquitoes were collected in 2013 (IRR = 2.797, p =

0.0014) and 2014 (IRR = 2.244, p = 0.0143).

In the Centre region, the mean number of mosquitoes collected

outdoor in the three HDs by HLC, CDC-LT and WET was 115 (SD =

65.9), 3 (SD = 1.4) and 2 (SD = 1.0) respectively. At the level of each

HD, the number of mosquitoes collected by CDC-LT was higher than

that collected by WET in the 3 HDs. (Figure 5B). The association

between collection methods and number of mosquitoes collected was

statistically significant (Kruskal-Wallis H = 10.926, df = 2, p = 0.0042).

The comparison of collectionmethods 2 by 2 were made and presented

in Table 4. Data suggest that the number of mosquitoes recorded with

HLC was greater than that obtained with CDC-LT or WET. Also,

CDC-LT collections appeared little interesting than that of WET

although the difference was not significant (p = 1) since their 95%

confidence intervals overlapped (Table 4). For this analysis, explanatory

variables including collection method, health district and year of
A

B D

C

FIGURE 5

Performance of outdoor and indoor collection methods according to the number of mosquitoes collected in the surveyed health districts in the
North and Centre regions (statistical test used: Non-parametric Kruskal-Wallis test). Outdoor collection: (A) North Region; (B) Centre Region. Indoor
collection: (C) North Region; (D) Centre Region.
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TABLE 3 Relationship of explanatory variables allowing comparison of collection methods according to the relative abundance of
collected mosquitoes.

Collection position Variables IRR 95%CI p-value

Lower Upper

Outdoor North Intercept 616.588 328.408 1245.227 < 0.0001

Collection method

HLC 1 – – –

CP 0.303 0.163 0.558 < 0.0001

WET 0.206 0.111 0.379 < 0.0001

Health District

Garoua 1 – – –

Mayo Oulo 0.235 0.135 0.408 < 0.0001

Pitoa 1.261 0.716 2.237 0.4156

Year of collection

2011 1 – – –

2012 0.841 0.441 1.592 0.5947

2013 2.797 1.454 5.352 0.0014

2014 2.244 1.133 4.437 0.0143

Centre Intercept 156.181 122.114 202.952 < 0.0001

Collection method

HLC 1 – – –

CDC-LT 0.030 0.017 0.049 < 0.0001

WET 0.012 0.004 0.028 < 0.0001

Health District x x x x

Year of collection

2018 1 – – –

2019 0.446 0.308 0.643 < 0.0001

Indoor North Intercept 523.404 342.384 831.217 < 0.0001

Collection method

HLC 1 – – –

PSC 0.446 0.307 0.648 < 0.0001

Health District

Garoua 1 – – –

Mayo Oulo 0.332 0.223 0.493 < 0.0001

Pitoa 1.396 0.895 2.193 0.1300

Year of collection

2011 1 – – –

2012 0.822 0.501 1.337 0.4273

2013 1.863 1.145 3.010 0.0115

2014 1.128 0.671 1.895 0.6365

(Continued)
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collection were associated the number of mosquitoes. Compared to the

HLC method, the CDC-LT (IRR = 0.030, p< 0.0001) andWET (IRR =

0.012, p< 0.0001) methods collected a low number of mosquitoes when

considering that the collection conditions were similar. On the other

hand, the IRR of CDC-LT was higher than that of WET, although the

difference was not statistically significant (p = 1) due to the overlapping

of their 95% confidence intervals, indicating that the two collection

methods can be used interchangeably, with CDC-LT being however

more suitable to maximize collections (Table 3). Also, fewer

mosquitoes were collected in 2019 (IRR = 0.446; p< 0.0001) than in

2018 (Table 3, Figure 5B).

3.4.2 Indoor collections
In the North Region, the mean number of mosquitoes collected

indoors in the three health districts was 489 (SD = 119970.3) for

HLC and 268 (SD = 37914.4) for PSC. Within the surveyed HDs,

the number of mosquitoes collected indoor by HLC was higher than
Frontiers in Tropical Diseases 11
that collected by PSC in the Garoua and Mayo Oulo HDs. However,

the difference between collection methods was not statistically

significant (Kruskal-Wallis H = 2.9391, df = 1, p = 0.08646)

(Figure 5C). When adjusting collection method to the others

explanatory variables, the results of the multiple regression were

summarized in Table 3. Compared to the HLC method, the PSC

method collected significantly fewer mosquitoes (IRR = 0.446,

p< 0.0001) (Figure 5C). Among HDs, fewer mosquitoes were

collected in Mayo Oulo HD (IRR = 0.332, p< 0.0001) compared

to Garoua HD. According to the collection year, more mosquitoes

were collected in 2013 (IRR = 1.863, p = 0.0115) compared to 2011.

In the Centre Region, the mean number of mosquitoes collected

by HLC, CDC-LT and PSC indoors in the three HDs were 89 (SD =

2191.6), 7 (SD = 3.8) and 4 (SD = 18.2) respectively. Overall, the

mean number of mosquitoes collected by HLC was significantly

higher (p< 0.0001) than that collected by CDC-LT or PSC in the

three surveyed HDs. In Ekie and Nkolbisson HDs, the mean

number of mosquitoes collected by CDC-LT was significantly

higher (p< 0.0001) than that obtained by PSC, while in

Nkolondom HD the difference not significant, the median of the

distribution of the numbers of mosquitoes obtained having almost

the same value (Figure 5D).

The association between collection methods and number of

mosquitoes collected was statistically significant (Kruskal-Wallis

H = 13.105, df = 2, p = 0.0014). The comparison of collection

methods 2 by 2 is summarized in Table 4. On the whole, HLC

performed better than CDC-LT and WET. When combining the

explanatory variables i.e. collection method, health district,

collection year and the number of mosquitoes collected the

results were summarized in Table 3. Compared to the HLC

method, the CDC-LT (IRR = 0.088, p< 0.0001) and PSC

(IRR = 0.042, p< 0.0001) methods collected fewer mosquitoes

when all other conditions were considered as being similar. On
TABLE 3 Continued

Collection position Variables IRR 95%CI p-value

Lower Upper

Centre Intercept 105.89 74.143 154.023 < 0.0001

Collection method

HLC 1 – – –

CDC-LT 0.088 0.058 0.134 < 0.0001

PSC 0.042 0.025 0.069 < 0.0001

Health District

Ekie 1 – – –

Nkolbisson 0.780 0.507 1.197 0.2589

Nkolondom 1.386 0.917 2.100 0.1161

Year of collection

2018 1 – – –

2019 0.556 0.393 0.788 0.0008
fro
IRR, Incidence Rate Ratio.
TABLE 4 Comparison of outdoor and indoor collection methods used in
the surveyed HDs of the Centre region.

Position
Collection
method

Z
p-value

adjusted by
Bonferroni method

Outdoor HLC # CDC-LT -2.6029 0.0277

HLC # WET 2.9223 0.0104

CDC-LT # WET 0.7970 1

Indoor

HLC # CDC-LT -2.3149 0.0618

HLC # PSC 3.5677 0.0010

CDC-LT # PSC 1.2528 0.6308
#: versus.
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the other hand, the IRR of CDC-LT was higher than that of PSC,

but the difference was not significant due to the overlap of their 95%

confidence intervals. Also, fewer mosquitoes were collected in 2019

than in other years (IRR = 0.556, p = 0.0008) than in 2018

(Table 3, Figure 5D).

In terms of species richness, the performance of the tested

sampling methods varied within each surveyed HD. The sampling

methods used outdoors in the HDs of the North Region showed

comparable performance, with however an exception in the Mayo

Oulo HD where the species richness recorded with HLC was

significantly higher than that obtained from CP or WET
Frontiers in Tropical Diseases 12
(p< 0.0001) (Figure 6). In the Centre region, no significant

difference was found between the performance of HLC, CDC-LT

and WET in the three surveyed HDs. For indoor collections carried

out in the North Region, the species richness recorded with HLC

was statistically higher than that of PSC in the Mayo Oulo and Pitoa

HDs (p< 0.0001), but comparable in the Garoua HD. In the Centre

region, no significant difference was found between HLC, CDC-LT

and PSC (Figure 6). The classification of the collection methods

according to their performance in recording a better species

richness and collecting a great number of mosquitoes has been

summarized in Table 5.
FIGURE 6

Performance of outdoor and indoor collection methods according to species richness in the surveyed health districts of the North and Centre
regions (statistical method used: binomial approach to determine confidence intervals, n: number of mosquito species caught).
TABLE 5 Classification of the tested alternative methods to HLC according to their performance in recording a better species richness and collecting
a great number of anopheline mosquitoes in the surveyed health districts of the North and Centre regions.

Type of collection Region Health district

Classification criteria

Species richness Total number of mosquitoes collected

PSC CDC-LT WET CP PSC CDC-LT WET CP

Outdoor North Garoua X NA ++ + X NA + ++

Mayo-Oulo X NA ++ + X NA ++ +

Pitoa X NA + ++ X NA + ++

Centre Ekié X ++ + NA X ++ + NA

Nkolondom x + + NA x ++ + NA

Nkolbisson X ++ + NA X ++ + NA

Indoor North Garoua • NA X X • NA X X

Pitoa • NA X X • NA X X

Mayo-Oulo • NA X X • NA X X

Centre Ekié + + X X + ++ X X

Nkolondom + + x x ++ + x x

Nkolbisson + ++ X X + ++ X X
front
+ , efficient ; ++ , more efficient; X , Not applicable ; • , the only alternative method tested for the collection type ; NA , not assessed.
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4 Discussion

The current study assessed the performance of the collection

methods used for sampling Anopheles mosquitoes during

entomological studies in the North region during 2011-2014 and

2018 -2019 in the Centre Region in Cameroon. The performance of

these methods was evaluated considering the species diversity and

the relative abundance of anopheline samples collected.

Considering the 29 Anopheles species recorded from these

entomological databases, the species richness reported in this

study was higher compared to the findings of a previous study

conducted across 32 malaria endemic locations in Cameroon which

reported 21 species (11). However, the diversity recorded here

remains lower compared to the total 48 species previously

reported (10, 26–29) and the 54 species recently reported in

Cameroon (30).

The increase in the number of species reported in this study can

be explained by the use of additional sampling methods such as CP

and WET not previously tested as part of the inventory of

anopheline fauna in Cameroon. In addition, the differences in

collection year, number of collection days as well as prospected

HDs could explain the difference in species diversity reported in this

study compared to other previous studies. Also, as demonstrated by

previous studies on species diversity (31–34), the diversity of the

surveyed ecological zones (urban, semi-urban and rural) as part of

this study may be perceived as a significant factor increasing the

number of anopheline species reported in this study. However, this

number is still lower than that reported other studies conducted in

Cameroon (10, 26–30). This low species richness may be attributed

to the restricted biogeographic area covered by the studies in the

North and Centre Regions, contrary to the previous studies

undertaken in almost all diverse biogeographical zones that exist

in Cameroon. Indeed, as shown in previous studies, limited

biogeographic zones are characterized by a low species richness,

as might be expected when extrapolat ing from large

biogeographical zones (35).

Among the species reported here, it should be mentioned that

molecular identification of species of the An. gambiae complex was

not fully completed because of the high numbers of An. gambiae s.l

specimens (≈ 40% of the anophelines collected) recorded in the

surveyed HDs. The results of the samples that were analysed were

published by Ekoko and colleagues (36). Indeed, An. gambiae s.l is a

complex of 8 species (37), of which 3 species namely An. arabiensis,

An. coluzzii and An. gambiae are found in sympatry in the North

(12, 36, 38) while An. coluzzii and An. gambiae coexist in the Centre

region (13, 39). With the breakdown of An. gambiae complex

species, we would have reported 31 species in the North region

and 6 species in the Centre region, if all specimens collected

belonging to the An. gambiae complex were subjected to species

identification. However, even considering this breakdown, the total

number of species reported in this study remains lower compared

with that of the recently updated list of 54 anopheline species (30).

Noteworthy, of the species reported in this study, only 25 are

included among the 54 recorded by the updated list. The 4 other

species, including An. ardensis, An. azaniae, An. barberellus and

An. kingi are not in the updated list of 54 species (30). These new
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anopheline species were found in Mayo Oulo HD, a rural area,

suggesting that the decrease in the urbanization gradient from

urban to rural areas may have a strong influence on anopheline

species diversity and distribution. In this study anopheline species

richness was higher in Mayo Oulo HD, where anthropogenic

activities mainly related to natural environment changes (e.g

deforestation, construction of houses, extension, or construction

of urban centres ….) are limited compared to Pitoa and Garoua

HDs where these activities are important with the growing

population pressure. Indeed, changes occurring in natural

environments contribute to the destruction of mosquito habitats

and their behavioral alterations (40, 41). Data presented here

regarding the gradient of species diversity are in agreement with

the recent published findings on mosquito diversity following

human activity gradients (42–45). As mentioned in several

previous studies an urban environment is unable to accommodate

mosquitoes with different ecological niches as opposed to a rural

environment (46, 47). The presence of these 4 new species among

the samples collected during the current study prompts the need to

update the list of anopheline species found in Cameroon. In

addition to the 4 new species reported in this study, 2 other

species, namely An. cinereus and An. demeilloni have already

been reported by Fondjo and colleagues (48). Thus, 6 new

anopheline species have been reported extending the list to 60

species in Cameroon. This number may further increase when

combining to the existing mosquito collection methods commonly

used (HLC, PSC, CDC light trap, WET…) and CP in the various

biogeographical zones found in Cameroon.

The low species richness recorded in the Centre region is not in

agreement with previous entomological studies conducted in this

region (11, 49), In addition to the limited number of houses

surveyed in the Centre region, the entomological collections

performed during the DMC-MALVEC Project were only made in

urban HDs in Yaoundé. These HDs are not representative of all the

ecological patterns found in this Region, therefore the number of

Anopheles species recorded in the prospected settings may

constitute only a subset of anopheline species diversity of the

Region. The HDs surveyed in the Centre Region may be

compared with that of Garoua HD in the North Region since

they are all located in urban areas. Nevertheless, the species richness

recorded in the city of Garoua (nine species) is greater than that

reported in Yaoundé c(5 species), which is the capital city of

Cameroon exhibiting a long history of human influence on the

environment, compared with Garoua town. These findings confirm

that the changes in natural environment through pronounced

human activities may influence the biodiversity of mosquitoes

(40, 41). In addition, climate and vegetation in certain

environments could offer better adaptive conditions to certain

species of mosquitoes than to others. The various climatic and

phytogeographical patterns observed across the country could have

an influence on the distribution of species and consequently on the

variation in species diversity and relative abundance of anophelines

within the surveyed HDs and regions. This is in line with recent

literature on the distribution of insect species biodiversity (50, 51),

and may also explain the presence of species such as An. arabiensis,

An. pharoensis and An. rhodesiensis in tropical areas.
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In the other hand, as noted in this study, anopheline relative

abundance follows a gradient of human activities with higher

numbers observed in the Garoua urban HD compared to the

semi-urban and rural HDs of Pitoa and Mayo-Oulo respectively.

This result is in agreement with previous findings highlighting that

mosquito relative abundance increases with intense human

activities (42, 52–54). The gradient in relative abundance of

anopheline species noted in the North region is opposite to that

of species diversity hereafter evoked, confirming findings of

previous studies (42–44).

Annual variations in mosquito population density were noted

within the collection methods used and the surveyed HDs in the

two regions. In the North region, the annual intra-population

variations over the four years of the study may be essentially due

to annual rainfall, but also to the number of mosquito species

surviving in harsh conditions of the dry season. These surviving

species are found in residual waterholes along seasonal rivers so

called “mayos”. When conditions are restored, these species ensure

the “founder effect”, i.e. the reconstitution of the population from a

relatively small number of individuals from a mother population

(55). In the Centre region, the collections were greater in the dry

season than in the rainy season. Indeed, the study was conducted in

lowlands consisting of marshy areas where market gardening is an

important activity for the local human populations. During the

rainy season, these areas are flooded, leading to the washing out of

larval breeding sites. In the dry season, on the other hand, they are

potential mosquito breeding sites, as the water stagnates and

remains permanent, thus creating favorable conditions for the

development and proliferation mosquitoes.

The spatial and temporal variation in the species diversity and

abundances of anophelines noted in the surveyed HDs may mainly

attributed to abiotic factors such as temperature, humidity, soil

type, rainfall/precipitation, pH, and anthropogenic activities as

mentioned in previous studies (56, 57). Although these factors

were not investigated in this study their variation across surveyed

regions, between seasons (rainy/dry) and over the years may affect

the abundance and diversity of anopheline mosquito populations.

Therefore, the spatial and temporal diversity and abundance in

anopheline species observed in this study may explain the variation

in malaria intensity usually noted across endemic settings.

The collection methods evaluated in the framework of this

study showed variable performance within the surveyed HDs. In

general, HLC appeared as the most efficient collection method

compared to the tested conventional collection methods. This

finding is consistent with previous studies supporting that HLC is

the standard reference method for measuring human exposure to

mosquito bites (14, 58), and the most efficient method in sampling

anthropophilic Anopheles mosquitoes (59–62). However, given that

HLC method poses ethical issues and requires a lot of resources, it is

important to identify alternative methods for entomological

surveillance in each epidemiological context in Cameroon. The

results presented in this study demonstrate that the performance of

the tested conventional methods varies from one HD to another.

Overall, in the North region there was no significant difference in

the number of mosquitoes collected by HLC, and the corresponding

tested alternative outdoor and indoor methods. However, at the
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level of the HD, the difference between HLC and alternative

methods was noticeable in some HDs, although it was mitigated

when the collections were carried out at a larger scale, taking into

account several HDs. However, this trend was not observed in the

centre region, where the performance of HLC was significantly

remarkable compared to the tested alternative methods as well at a

limited scale (i.e. in one HD) as at a larger scale (several HDs).

The performance of PSC, CP and WET observed in the HDs of

the North region could partly depend on the exophilic and

exophagic behavior of certain species such as An. arabiensis, An.

rufipes and An. pharoensis listed as dominant species in the Region.

Since, biting and resting behavior varies from species to species, it

might be assumed that the performance of the collection methods

depends on the local mosquito populations. On the other hand, the

arid and dry environments of the tropical/Sahelian climates

generally offer harsh conditions (e.g., high temperature, intense

heat, ….) unsuitable for insect resting. Therefore, CPs containing a

small quantity of water as used during the sampling procedure in

the North appear as a potential resting place for anophelines and

other mosquito genera. This is in line with previous studies

highlighting that An. arabiensis rest more frequently in granaries

(63–65). Other species such as An. pharoensis, An. rufipes and An.

rhodesiensis are likely to have the same behavior considering their

high density observed in the CPs.

The performance of CDC-LT in collecting outdoor and indoor

anophelines in HDs of the Centre region is in agreement with

previous studies (66–69). This result suggests that CDC-LT is the

suitable alternative method for collecting anophelines in the Centre

region. Indeed, the light emitted by the trap attracts mosquitoes from

a distance, increasing its performance even in areas where mosquito

density is low. The low performance of PSC and WET in the centre

region may be justified by the types of dwellings in which collection

methods were performed. In the Centre Region, houses have many

openings, most of them having no ceilings, with a space between the

walls and the roof. Such a configuration of houses is not conducive to

better performance of PSC and WET because mosquitoes have

several escape routes. In the North region, on the other hand,

houses have limited openings (one door and one window for the

most) with no space between walls and roof, and consequently very

few escape routes for mosquitoes. This configuration favors the

performance of PSC and WET, as mentioned above.
5 Conclusion

The current study showed that the performance of collection

methods on the basis of relative abundance and species richness

varied according to the HDs and regions in Cameroon. The 29

species identified in this study showed highly heterogeneous

distribution and fluctuations in species diversity and relative

abundance across the surveyed HDs in the North and Centre

regions. Indeed, HLC is confirmed in this study as the reference

collection method for malaria vectors. Based on mosquito relative

abundance, PSC, WET and CP are alternative methods to HLC in

performing outdoor and indoor mosquito collection in the three

surveyed HDs of the North region.
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In the Centre region, CDC-LT is a suitable alternative to HLC

for outdoor and indoor mosquito collections. Regarding species

richness, HLC has proven to be more effective in collecting a large

number of species outdoors and indoors in Mayo Oulo HD and

indoors in Pitoa HD, in the North region. However, all the methods

used in the Centre region showed similar trends in collecting both

outdoor and indoor mosquito species in Ekie, Nkolbisson and

Nkolondom HDs. This information is essential for the National

Malaria Control Programme in the framework of malaria

entomological surveillance in the surveyed HDs and Regions.

Similar investigations considering other existing collection

methods should be conducted in diverse ecosystems to ensure

better malaria entomological surveillance in Cameroon and other

African countries with similar landscapes.
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