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Abstract 

Background Malaria remains a major public health problem in the Republic of Congo, with Plasmodium falci-
parum being the deadliest species of Plasmodium in humans. Vector transmission of malaria is poorly studied 
in the country and no previous report compared rural and urban data. This study aimed to determine the Anopheles 
fauna and the entomological indices of malaria transmission in the rural and urban areas in the south of Brazzaville, 
and beyond.

Methods Indoor household mosquitoes capture using electric aspirator was performed in rural and urban areas 
during raining and dry seasons in 2021. The identification of Anopheles species was done using binocular magnifier 
and nested‑PCR. TaqMan and nested‑PCR were used to detect the Plasmodium species in the head/thorax and abdo‑
mens of Anopheles. Some entomological indices including the sporozoite infection rate, the entomological inocula‑
tion rate and the man biting rate were estimated.

Results A total of 699 Anopheles mosquitoes were collected: Anopheles gambiae sensu lato (s.l.) (90.7%), Anopheles 
funestus s.l. (6.9%), and Anopheles moucheti (2.4%). Three species of An. gambiae s.l. were identified including Anoph-
eles gambiae sensu stricto (78.9%), Anopheles coluzzii (15.4%) and Anopheles arabiensis (5.7%). The overall sporozoite 
infection rate was 22.3% with a predominance of Plasmodium falciparum, followed by Plasmodium malariae and Plas-
modium ovale. Anopheles aggressiveness rate was higher in households from rural area (1.1 bites/night) compared 
to that from urban area (0.8 ib/p/n). The overall entomological inoculation rate was 0.13 ib/p/n. This index was 0.17 
ib/p/n and 0.092 ib/p/n in rural and in urban area, respectively, and was similar during the dry (0.18 ib/p/n) and rainy 
(0.14 ib/p/n) seasons.

Conclusion These findings highlight that malaria transmission remains high in rural and urban area in the south 
of Republic of Congo despite the ongoing control efforts, thereby indicating the need for more robust interventions.
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Background
Malaria remains a major public health problem world-
wide, with 247 million cases reported in 2021 compared 
to 245 million cases in 2020 [1]. The estimated number of 
malaria deaths stood at 619,000 in 2021, compared to 625 
000 in 2020 [1]. The sub-Saharan countries continue to 
carry the heaviest burden of the disease (about 95% of the 
cases and 96% of deaths) [1].

Malaria parasite is transmitted to people through the 
bites of infected female Anopheles mosquitoes [2]. A total 
of 484 Anopheles mosquitoes species have been described 
across the world, and 70 are known as malaria vectors, 
with only 30–40 species being able to transmit in Africa 
[2, 3]. Many factors have been reported to influence the 
epidemiology and severity of malaria disease in endemic 
setting, including the heterogeneity of the environment, 
the degradation of the forests, the extent of unplanned 
urbanization, the development of urban agriculture, and 
the degree of human migration from rural to urban areas 
[4–7].

In Central Africa, the diversity of mosquitoes and the 
malaria transmission dynamic have been widely stud-
ied, mainly in Cameroon, Gabon and the Democratic 
Republic of Congo (DRC) [6, 8]. In this Central Africa 
sub-region, about eighteen anopheline species have been 
reported to be involved in the transmission of Plasmo-
dium parasites [2, 3]. This include major vector species, 
such as Anopheles gambiae sensu stricto (s.s.), Anoph-
eles coluzzii, Anopheles arabiensis, Anopheles funestus, 
Anopheles nili, Anopheles moucheti which are known 
for their high anthropophilic behaviour [2, 3, 9]. Some 
of these vectors exhibit the ability to adapt to changing 
environmental conditions [10, 11], even though each of 
them shows ecological preferences.

The Republic of Congo is one of the 54 countries where 
malaria transmission remains worrisome. According to 
the report of the National Malaria Control Programme 
(NMCP), malaria is responsible for 63% of medical con-
sultations, 20% of hospitalization rate and 9% of deaths 
in the country [12]. The transmission of the disease in 
the Republic of Congo is perennial, and differs between 
urban, peri-urban and rural areas, with Plasmodium fal-
ciparum as the major Plasmodium species [13, 14].

The latest data on the Anopheles fauna in the Republic 
of Congo dates back to 1985 and described the presence 
of seven species, An. gambiae sensu lato (s.l.), An. funes-
tus s.l., An. nili, An. moucheti, Anopheles paludis, Anoph-
eles pharoensis and Anopheles hankocki, with species of 
the An. gambiae group being the major vectors of malaria 
transmission during that period [15, 16]. The vector con-
trol of malaria in Congo relies particularly on the use of 
long-lasting insecticide-treated mosquito nets approved 
by the NMCP [13]. So far, there is a scarcity of data 

comparing the entomological indicators of the transmis-
sion of Plasmodium species infection in rural and urban 
setting in Republic of Congo. Basic information about the 
Anopheles fauna and the entomological indices of malaria 
transmission in the communities, are critical for plan-
ning and implementing anti-vector control measures in 
the country. The present study aimed to characterize the 
Anopheles fauna and determine the entomological indi-
ces of malaria transmission in the southern of Brazzaville 
and beyond.

Methods
Study sites
The study was conducted in the rural area of Pool (Goma 
Tsé-Tsé district: Ntoula and Djoumouna villages) and the 
urban area of Brazzaville (Mayanga) characterized by a 
major bio-ecological belts [13] (Fig. 1). The departments 
of Brazzaville and Pool are situated in the south of Repub-
lic of Congo. This part of the country have a tropical 
humid climate divided in two seasons: dry season (from 
June to September, and January to February) and rainy 
season (from October to January, and March to May). 
These study sites have different sociological and ecologi-
cal characteristics which can be considered as represent-
ative regions of the Congolese savannah and degraded 
forest biotopes capable of sheltering the different species 
of the Culicidae mosquito family. The Goma Tsé-Tsé dis-
trict is geo-localized at 4° 24′ 44" S, 15° 8′ 31" E and is 
situated at average altitude of 293 m. The Madibou dis-
trict is localized between 4° 18′ 35" S, 15° 11′ 30" E [17]. 
The average humidity varies between 78 and 84%. Goma 
Tsé-Tsé district is located at about 15  km from Brazza-
ville in an area of degraded secondary forest and savan-
nah. It is characterized by the presence of a gallery forest 
bordering the permanent Djoumouna river and Ntoula 
river [13]. This locality is surrounded by many rivers 
including Lomba, Kinkoue, Loumbangala, Djoumouna, 
Loumou and Congo rivers which supply to a series of fish 
farming ponds [18] that can serve as the potential foci of 
malaria vectors. The main activities in this area are farm-
ing and fishing. Mayanga is an urban area of the Madibou 
district situated in the south of Brazzaville. It is charac-
terized by the presence of three site of market gardening 
(Agri-Congo 1 and 2 and the Groupement Jean Felicien 
Mahouna), and irrigated by three rivers including Djoué, 
Laba and Matou rivers [13]. Mayanga accounts several 
public and private service such as the health centres, the 
primary and high schools.

Study design and adult mosquito collection
A cross-sectional survey study was carried out during 
raining and dry seasons, from March to September 2021. 
The mosquitoes were collected every morning (5:00 am 
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to 10:00 am) in the households of the participants after 
obtaining their informed consent form. The indoor cap-
ture of mosquitoes resting on the walls and roofs of 
houses was undertaken using the electric aspirator as 
previously described (Rule In-Line Blowers, Model 240). 

The captured mosquitoes in each dwelling were placed 
in the cups with the code or the identification number of 
the house. The blood-fed mosquitoes were kept for two 
days in the cup before processing, in order to allow the 
complete digestion of human blood in their digestive 

Fig. 1 Map of Republic of Congo (A) showing localities surveyed in Goma Tsé‑Tsé (B) and Madibou (C) district. In Goma Tsé‑tsé district, the size 
of the red dot represents the selected village (Ntoula and Djoumouna), and in Madibou district the red striped area represents the selected city 
(Mayanga) for the survey
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tract. Data were registered in well-structured collection 
sheets including the district name, household identifica-
tion number, type of house, number of bedrooms, and 
number of people living in the household, number of 
trapped mosquitoes, date and time of mosquitoes collec-
tion. The mosquitoes were then transported to the labo-
ratory for analysis.

Laboratory processing of mosquito samples
The morphological identification of Anopheles mosqui-
toes was done using the "LEICA ZOOM 2000" binocular 
magnifier at the magnitude of 40X, based on morpho-
logical criteria following the identification keys of Gillies 
and De Meillon [19] and Gillies and Coetzee [20]. Female 
Anopheles mosquitoes were sorted in Eppendorf tubes 
and transported to the medical entomology laboratory 
of CeRMI (Centre de Recherche sur les Maladies Infec-
tieuses -Christophe Mérieux) for subsequent analyses. 
The females Anopheles were dissected in to Abdomens 
(Abd) and Heads/thoraces (H/T). Each part of Anoph-
eles mosquito were submitted processed for detection 
of oocyst (Abd) and sporozoites (H/T) as previously 
described [21]. All samples were stored at −20 °C.

Molecular characterisation of mosquito and Plasmodium 
infection detection
The DNA of heads/thorax and abdomens of all female 
Anopheles were extracted separately using the LIVAK 
method adapted for mosquito DNA extraction as previ-
ously described by Livak et al. [22].

Identification of species of the An. gambiae complex 
and the An. funestus group
The An. gambiae complex and the An. funestus group 
were discriminated by PCR using the abdomens part of 
each mosquito. For An. gambiae s.l., primers targeting 
SINE200 insertion (Short Interspersed Elements) was 
used to distinguish An. gambiae s.s. from An. coluzzii 
and An. arabiensis [23]. Primers targeting ITS2 region 
(Second Internal Transcribed Spacer Region) of nuclear 
ribosomal deoxyribonucleic acid (rDNA) was used to 
produce of varying band sizes to distinguish members 
of the An. funestus group [24]. The amplification reac-
tions of SINE200 fragments was carried out in the total 
volume of 15 µL including 1.5 µL of PCR buffer 10x, 0.75 
µL of 25 mM  MgCl2, 0.12 µL of 10 mM dNTPs, 0.51 µL 
of 10  µM SINE_Foward and 0.51 µL of 10  µM SINE_
Reverse primers, 0.12 µL of Kapa Taq DNA polymerase 
5U/µL, 10.49 µL of sigma free water and 1 µL DNA. The 
PCR device used for amplification was the thermocy-
cler (Master X50a Eppendorf AG, Hamburg, Germany) 
and the amplification included: denaturation at 95 °C for 
5 min, followed by 35 cycles of 30 s denaturation at 95 °C, 

1 min annealing at 54 °C, 1 min extension at 72 °C, a final 
step of 10 min at 72 °C. For the ITS2 fragment, the PCR 
mix of 14 µL included 1.5 µL of PCR buffer 10x, 0.9 µL 
of 25 mM  MgCl2, 0.12 µL of 10 mM dNTPs, 0.51 µL of 
10 µM ITS2A, 0.51 µL of 10 µM ITS2B 0.51 µL of 10 µM 
FUN, 0.51 µL of 10 µM RIV, 0.51 µL of 10 µM PAR, 0.51 
µL of 10 µM RIVLIK, 0.51 µL of 10 µM LEES, 0.51 µL of 
10 µM VAN reverse primers, 0.12 µL of Kapa Taq DNA 
polymerase 5U/µL, and 7.28 µL of sigma free water. A 
volume of 1 μL of extracted DNA for each sample, was 
added in to the master mix, and the amplification carried 
out using the following conditions: initial denaturation 
for 5  min at 95  °C, followed by 35 cycles of 30  s dena-
turation at 95 °C, 1 min annealing at 50 °C, 1 min exten-
sion at 72 °C, final step of 10 min at 72 °C and a hold at 
10 °C. After amplification, 6 μL of the PCR reaction was 
mixed with 4 μL of syber green and electrophoresed on 
a 2% agarose gel (2 g agarose in 100 ml of 89 mM Tris, 
89  mM Boric acid, 2  mM EDTA), at a constant voltage 
of 80  V for 50  min. Both strands of the amplified frag-
ments (SINE200 and ITS2) were visualized on the Gel-
Doc™ EZ Imager (Bio-Rad Laboratories, Hercules, CA, 
USA). The details of primers targeting SINE200 and ITS2 
of An. gambiae s.l. and An. funestus group are presented 
in Table 1.

Detection of Plasmodium sporozoites and oocysts 
in Anopheles mosquitoes

TaqMan assay
The protocol described by Bass C, Nikou D, Blagborough 
AM and al. [25] was used for genus-specific amplifica-
tion targeting the 18S rRNA genes of Plasmodium [25] 
through detecting the sporozoites in the salivary glands 
(heads/thorax) and the oocysts in the abdomens of 
female Anopheles. The PCR mix was carried out in a reac-
tion volume of 10 µL comprising 1 µl of matrix DNA, 5 
µL (1 µM) of SensiMix II Probe (1.25 ml), 0.8 µl (10 mM) 
of sense primers (PlasF: forward primer), 0.8 µl (10 mM) 
of antisense primers (PlasR: reverse primer), 0.3 µL of 
Falci + , 0.2 µL of OVM + and 1.9 µL of water. The ampli-
fication was carried out in the Light Cycler 480 real-time 
PCR system (Roche, SN: 20,726) using the following con-
ditions: a pre-denaturation at 95 °C for 10 min, followed 
by 40 cycles of 15 s at 92 °C and 1 min at 60 °C.

The probe Falcip + was labelled with 6-FAM for the 
detection of P. falciparum and the probe  OVM+ was 
labelled with HEX for the detection of Plasmodium 
malariae, Plasmodium ovale or Plasmodium vivax 
and primers, Plas_Foward and Plas_Reverse were used 
together with two probes tagged with fluorophores FAM 
and HEX. Known positive samples of P. falciparum and 
other Plasmodium species were used as positive controls 
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and sterile water as negative control. All positive sam-
ples were subjected to 18 s Nested-PCR to confirm and 
discriminate Plasmodium species detected by TaqMan 
using the previously described protocol by Boonma P, 
Christensen PR, Suwanarusk R, Price RN, Russell R and 
Lek-Uthai U [26], with slight modification (use of Dream 
Taq instead of Taq polymerase) Nkemngo et  al.[27]. 
The details of primers and probes are presented in the 
Table 1.

Nested‑PCR
Amplification targeting the 18S rRNA genes of Plasmo-
dium was performed in two steps. The first PCR reaction 
was to amplify the portion of all Plasmodium genus in 
the 20 μl of total volume (12.5 µL of distilled water, 2.5 
µL of PCR buffer X10, 1.25 µL of 25 mM  MgCl2, 0.5 µL 
of dNTPs 10 nM, 0.5 µL of 10 µM rPLU5 forward, 0.5 µL 
of 10 µM rPLU6 reverse primers, 2 µL of genomic DNA 
and 0.25 µL of 5U/µL Dream Taq DNA polymerase. The 
amplification included: denaturation at 94  °C for 4 min; 
followed by 35 cycles of denaturation at 94  °C for 30  s, 
annealing at 55  °C for 1 min and extension at 72  °C for 
1 min, with a final extension at 72  °C for 4 min and the 

hold at 4 °C. The second PCR reaction was for the specia-
tion of the malaria parasite using the product of first PCR 
reaction as template and the primers designed to amplify 
the specific sequences of P. falciparum (rFAL1/rFL2), P. 
ovale (rOVA1/rOVA2), P. malariae (rMAL1/rMAL2) 
and P. vivax (rVAV1/rVAV2) as presented in the Table 1. 
For this second PCR reaction, 1 μL of the product of the 
first PCR was added in 19 μL of master mix prepared as 
described above and amplified using the thermocycler 
(Master X50a Eppendorf AG, Hamburg, Germany under 
the same cycling conditions as described for the first PCR 
reaction, with the exception that the annealing tempera-
ture was 58 °C. Details of the primers used are provided 
in the Table 1.

Data analysis
Data was entered using Microsoft Excel (Microsoft Inc., 
Redmond, WA, USA) version 2016. All statistical analy-
ses were performed using GraphPad_Prism_6.01 software 
version 22.1 (SPSS, IBM Corp., Armonk, NY, USA) and 
processed by the Contingency statistical test. The preva-
lence of Plasmodium spp. infections in the Anopheles 
population was determined as the proportion of female 

Table 1 Primers using in molecular identification of An. gambiae s.l. in Plasmodium infection

Primer Primer sequences Attending band

Primers Plas_F 5ʹ‑GCT TAG TTA CGA TTA ATA GGA GTA GCTTG‑3ʹ
Plas_R GAA AAT CTA AGA ATT TCA CCT CTG ACA‑3ʹ

Probe Falci + 5ʹ‑ TCT GAA TAC GAA TGTC‑3ʹ FAM

OVM + 5ʹ‑ CTG AAT ACA AAT GCC‑3ʹ HEX

First round PCR rPLU6 5ʹ‑TTA AAA TTG TTG CAG TTA AAA CG‑3ʹ
rPLU5 5ʹ‑CCT GTT GTT GCC TTA AAC TTC‑3ʹ

Second round PCR rFAL1 5ʹ‑TTA AAC TGG TTT GGG AAA ACC AAA TAT ATT‑3ʹ 205 bp

rFAL2 5ʹ‑ACA CAA TGA ACT CAA TCA TGA CTA CCC GTC‑3ʹ
rMAL1 5ʹ‑ATA ACA TAG TTG TAC GTT AAG AAT AAC CGC‑3ʹ 105 bp

rMAL2 5ʹ‑AAA ATT CCC ATG CAT AAA AAA TTA TAC AAA‑3ʹ
rOVA1 5ʹ‑ATC TCT TTT GCT ATT TTT TAG TAT TGG AGA‑3ʹ 800 bp

rOVA2 5ʹ‑GGA AAA GGA CAC ATT AAT TGT ATC CTA GTG‑3ʹ
rVAV1 5ʹ‑GCT TCG GCT TGG AAG TCC‑3ʹ 120 bp

rVAV2 5ʹ‑CCG AAT TCA GTC CCA CGT‑3ʹ
SINE_200 Sine_F TCG CCT TAG ACC TTG CGT TA Ag ss = 249 bp

Ac = 479, Aa = 223Sine_R CGC TTC AAG AAT TCG AGA TAC 

COCTAIL An. funestus group multi‑
plex PCR

ITS2A 5ʹ TGT GAA CTG CAG GAC ACA T 3ʹ
ITS2B 5ʹ TAT GCT TAA ATT CAG GGG GT 3ʹ
UV 5ʹ TGT GAA CTG CAG GAC ACA T 3ʹ
FUN 5ʹ GCA TCG ATG GGT TAA TCA TG 3ʹ 506

VAN 5ʹ TGT CGA CTT GGT AGC CGA AC 3ʹ 578

RIV 5ʹ CAA GCC GTT CGA CCC TGA TT 3ʹ 411

PAR 5ʹ TGC GGT CCC AAG CTA GGT TC 3ʹ 252

LEES 5ʹ TAC ACG GGC GCC ATG TAG TT 3ʹ 146
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Anopheles identified as positive for the presence of Plas-
modium (either for all Plasmodium parasite species or for 
an individual species) at each site of study. Fisher exact test 
was used for the comparison of proportion in case of very 
low samples size for some groups (n < 5), while Chi-square 
test was used for the comparison of proportion between 
groups with sample size higher than 4 (n ≥). The signifi-
cance level was set at P < 0.05.

Entomological indexes of malaria transmission 
included in this study are man biting Rate (ma), Infection 
Rate (s), Entomological Inoculation Rate (EIR).

Man biting rate (ma): Also called aggressive density is 
the product of anopheline density in contact with humans 
(m) and the anthropophily rate (a). It is calculated by divid-
ing the total number of engorged females (F) of a species 
captured by the total number of people (W) who spent 
the night in the rooms where the captures took place. The 
Aggression Rate is expressed as the number of Anopheles 
mosquito bites per man per night.

 Plasmodium infection rate (s) is the proportion of 
mosquitoes infected or carrying sporozoites in their 
salivary glands. This index is expressed as a percentage 
(number of infected mosquitoes out of the number of 
mosquitoes examined times hundred).

 Entomological inoculation rate (EIR) is the number of 
infective bites from Anopheles during a given period of 
time. It is expressed by infective bites per man per night/
day/week/month or per year.

ma = F ÷W

s =
Number of mosquitoes positive

Number of mosquitoes tested
X100

EIR = ma× s

Ethical considerations
This study received ethical approval from the Institu-
tional Ethics Committee of Fondation Congolaise pour 
la Recherches Médicales (No. 013/CIE/FCRM/2018), 
administrative authorizations from Université Marien 
Ngouabi (UMNG) (No. 247/UMNG. FST.DFD.FD-SBIO) 
and each local authority of the study areas. An informed 
consent was signed by the head of each household, before 
any indoor household mosquito capture. Each household 
head was free to withdraw from the study at any time 
without any justification.

Results
Mosquito composition in the study sites
Out of 699 Anopheles mosquitoes captured in this study, 
An. gambiae s.l. (90.7%; 634/699) was the predominant 
species followed by An. funestus s.l. (6.9%; 48/699), and 
An. moucheti (2.4%; 17/699). The distribution of these 
mosquito species was similar in rural (90.5% An. gambiae 
s.l., 6.9% An. funestus s.l., and 2.6% An. moucheti) and 
urban (92.0% An. gambiae s.l., 6.9% An. funestus s.l., and 
1.1% An. moucheti) setting (Table 1). Anopheles gambiae 
s.l. was significantly (p < 0.0001) more abundant in dry 
season (95.6%; 301/315) compared to the rainy season 
(86.7%; 333/384), while it was the contrary for the distri-
bution of An. funestus s.l. (10.7% in rainy vs 2.2% in dry 
seasons; p < 0.0001). The abundance of An. moucheti was 
similar, with 2.6% in rainy season and 2.2% in dry season 
(p = 0.8095). The molecular analysis of the 634 females of 
the Gambiae complex showed that An. gambiae s.s. was 
the predominant species (78.9%), followed by An. coluzzii 
(15.4%) and An. arabiensis (5.7%) (Table  2). The distri-
bution of these species was similar among the seasons, 
while An. gambiae s.s. and An. coluzzii were predominant 
in urban (92.5%) and rural (17.3%) areas, respectively, 
compared to their counterparts (76.9% An. gambiae s.s. 

Table 2 Distribution of the Anopheles species/species complex (A) and the An. gambiae s.l. sibling species with respect to the study 
areas and the seasons

Species Areas p‑value Seasons p‑value

Rural Urban Rainy Dry

Distribution of Anopheles species/species complex % (n)

 An. gambiae s.l. % 90.5 (554) 92.0 (80) 0.08437 86.7 (333) 95.6 (301)  < 0.0001

 An. funestus 6.9 (42) 6.9 (6) 1 10.7 (41) 2.2 (7)  < 0.0001

 An. moucheti 2.6 (16) 1.1 (1) 0.7097 2.6 (10) 2.2 (7) 0.8095

 Total 612 87 384 315

Distribution of An. gambiae s.l. sibling species % (n)

 An; gambiae s.s 76.9 (426) 92.5 (74) 0.0007 76.6 (255) 81.4 (245) 0.145

 An. coluzzii 17.3 (96) 2.5 (2) 0.0002 16.5 (55) 14.3 (43) 0.444

 An. arabiensis 5.8 (32) 5.0 (4) 1 6.9 (23) 4.3 (13) 0.1729
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in rural; 2.5% An. coluzzii in urban). The molecular char-
acterization of 48 specimens of funestus group showed 
only the presence of An. funestus s.s. (100%).

Infection rate of Plasmodium spp. in abdomens and heads/
thorax within the Anopheline family
Out of the 699 Anopheles mosquitoes captured in this 
study, the Plasmodium species infection rate was higher 
in abdomens (29.0%; 203/699) compared to the heads/
thorax (22.3% (156/699), when using TaqMan diag-
nostic technic (Fig.  2A). Overall, it emerges that of the 
699 infected Anopheles mosquito abdomens, 19.2% 
(134/699) were found to be infected with P. falciparum, 
1.3% (9/699) for infection with OVM + (P. malariae, P. 
ovale or P. vivax) and 8.6% (60/699) for mixed infection 
(P. falciparum with non-falciparum species: P. malariae, 
P. ovale or P. vivax). Moreover, of the 699 heads/thoraxes 
positive by TaqMan, 18.7% (131/699) were infected with 
P. falciparum, 2.4% (17/699) for OVM + and 1.1% (8/156) 
for mixed infection (Fig.  3). In the 203 abdomens and 
156 heads/thorax infected by Plasmodium species using 
TaqMan method, only 84,2% (171/203) abdomens and 
77.6% (121/156) were confirmed and discriminated in 
nested-PCR (Fig. 2B).

Plasmodium species in mono-infection identified in 
infected oocysts (abdomens) were predominated for P. 
falciparum 51.7% (105/203), following by P. ovale 2.0% 
(4/203) and P. malariae 1.5% (3/203). The co-infection 
in the oocysts (abdomens) were 17.3%, 6.4% and 1.0% 
for P. falciparum/P. malariae, P. falciparum/P. ovale 
and P. malariae/P. ovale co-infection, respectively. The 
triple infection (P. falciparum/P. malariae/P. ovale) 
oocysts infected Anopheles mosquitoes was at 3.6%. 
The identification of the sporozoite (heads/thorax) 

of Plasmodium species in the infecting mosquitoes 
showed that P. falciparum (66.0%) was the predominant 
transmitted parasites species, followed by P. malariae 
(10.9%) and P. ovale (6.4%). The prevalence of the sporo-
zoite mono-infection by the three species (Table 2) was 
62.2% (P. falciparum), 7.1% (P. malariae) and 3.2% for 
P. ovale, respectively. The overall prevalence of Plas-
modium sporozoite co-infected mosquitoes was 1.0% 
(8/699), including 0.4% (3/699) (P. falciparum/P. malar-
iae), and 0.3% (2/699) (for P. falciparum/P. ovale or P. 
malariae/ P. ovale). The triple (P. falciparum/ P. malar-
iae/ P. ovale) sporozoite infected mosquitoes was 0.1% 
(1/699) (Table 3).
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Infection rate of Plasmodium spp. according 
to the Anopheles species
The distribution of the infection rate of oocyst and sporo-
zoite of Plasmodium species was determined according 
to the Anopheles complex/groups (An. gambiae s.l., An. 
funestus and An. moucheti) and Gambiae complex (An. 
gambiae s.s., An. coluzzii and An. arabiensis) identified in 
this study (Fig.  4). Overall, regardless the type of infec-
tion (mono or co-infection), the sporozoites of all the 

Plasmodium species were detected in all the Anopheles 
species.

The overall infection rate of Plasmodium spp oocyst 
was predominant in An. gambiae s.l. (25.6%) followed 
by An. moucheti (17.6%) and An. funestus (12.5%). 
However, the reverse trend was observed with Plas-
modium spp sporozoite infection, with An. funestus 
showing the higher prevalence (25.0%), followed by An. 
moucheti (23.5%) and then An. gambiae s.l. (16.6%). The 
prevalence of P. falciparum mono-infection in Anoph-
eles was higher in both part: Abdomens (An. gambiae 
s.l.: 16.7%; An. funestus: 8.3% and An. moucheti: 5.9%) 
(Fig. 4A) and heads/thorax (An. gambiae s.l.: 17.2%; An. 
funestus: 16.7% and An. moucheti: 17.6%) (Fig. 5C) the 
mosquitoes. The rate of P. malariae and P. ovale sporo-
zoite mono-infection was similar and higher in An. 
funestus (2.1% P. malariae and 2.1% P ovale) compared 
to An. gambiae (1.6% P. malariae and 0.6% P. ovale) and 
An. moucheti (0.0% P. malariae and 0.0% P. ovale). All 
types of sporozoite Plasmodium spp co-infection was 
found in An. gambiae (0.3% P. falciparum/ P. malariae; 
and 0.2% P. falciparum/ P. ovale and 0.2% P. malariae/ 
P. ovale), while only P. falciparum co-infection with 
either P. malariae or P. ovale was found in An. funes-
tus with the same proportion (2.1%). A unique and high 
prevalence of P. malariae/ P. ovale (5.9%) sporozoite 

Table 3 Infection rate of Plasmodium species in abdomen and 
heads/thorax of Anopheles 

n: number of mosquitoes

Plasmodium spp. infections (%) Abdomens
(n = 203)

Head/thorax
(n = 156)

Mono infection %(n)

 P. falciparum 51.7 (105) 62.2 (97)

 P. malariae 1.5 (3) 7.1 (11)

 P. ovale 2.0 (4) 3.2 (5)

Co‑infection

 P. falciparum/P. malariae 17.3 (36) 1.9 (3)

 P. falciparum/P. ovale 6.4 (13) 1.3 (2)

 P. malariae P. ovale 1.0 (2) 1.3 (2)

 P. falciparum/P. malariae/P. ovale 3.9 (8) 0.6 (1)
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co-infection was detected in An. moucheti. The triple P. 
falciparum/ P. malariae/ P. ovale sporozoite infection 
was only detected in An. gambiae s.l. (0.2%).

Among the An. gambiae s.l., the overall prevalence 
of Plasmodium spp oocyst was predominant in An. 
gambiae s.s. (26.4%), followed by An. coluzzii (25.5%) 
and An. arabiensis (13.9%). However, the contrary 
was observed with Plasmodium spp sporozoite infec-
tion, where An. coluzzii (20.4%) had the higher rate of 
infection, followed by An. gambiae ss (16.0%) and then 
An. arabiensis (13.9%). The prevalence of Plasmodium 
spp mono-infection in Anopheles gambiae complex 
was predominated by P. falciparum both in abdomens 
(Fig. 4B) and heads/thorax (Fig. 4D), with An. coluzzii 
(abdomens: 19.4%; and heads/thorax: 15.3%) having the 
higher rate of infection compared to An. gambiae s.s. 
(abdomens: 15.8%; and heads/thorax: 13.4%) and An. 
arabiensis (abdomens: 5.6%; and heads/thorax: 11.1%). 
When both P. malariae and P. ovale sporozoite mono-
infection were detected in An. gambiae s.s. (1.6% and 
0.6%, respectively), only An. coluzzii and An. arabiensis 
were positive for only P. malariae (2.0%) and P. ovale 
(2.8%) sporozoite mono-infection respectively. The 
sporozoite co-infection with P. malariae/ P. falciparum 
(0.4%) was only detected in An. gambiae s.s., while An. 
coluzzii showed similar prevalence of sporozoite co-
infection with ovale/P. falciparum (1.0%) and P. ovale/ 
P. malariae (1.0%). No mixed sporozoite infection was 
detected in An. arabiensis. The prevalence of triple P. 

falciparum/ P. malariae/ P. ovale sporozoite infection 
was 1.0% and detected in An. coluzzii.

Prevalence of Plasmodium spp. infection in Anopheles 
species according to the study site and the season
The rate of oocyst and sporozoite for Plasmodium spe-
cies was determine according two ecological parameter 
including the municipally (Fig.  5A and C) and the sea-
son (Fig. 5B and D) in this study. Plasmodium falciparum 
infection was predominant in both abdomens and heads/
thorax for all the study sites. The overall sporozoite infec-
tion rate of Plasmodium species was significantly higher 
in urban area (26.4%) compared to the rural area (16.0%) 
(p = 0.0162), although the total rate of oocyst infec-
tion was almost similar in rural (24.5%) and urban areas 
(24.1%). Only P. falciparum mono-infection (abdomens: 
23.0%; heads/thorax: 25.3%) and dual P. falciparum/ P. 
malariae infection (abdomens: 1.1%; heads/thorax: 1.1%) 
were found in urban area. However, all the type of infec-
tion with P. falciparum, P. malariae and P. ovale were 
detected in rural setting with the predominance of sporo-
zoite mono-infection of P. falciparum (12.3%), followed 
by P. malariae (1.8%) and P. ovale (0.8%).

The distribution of the Plasmodium spp infection 
with respect to the season (Fig. 5B and D) showed that, 
the overall prevalence of Plasmodium spp infection was 
significantly (p = 0.0009) higher during dry season com-
pared to the rainy season for both in abdomens (dry: 
27.3%; rainy: 22.1%) and heads/thorax (dry: 22.5%; rainy: 
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13.0%) of the mosquitoes. The rate of P. falciparum 
sporozoite mono-infection was predominant during rain-
ing and dry seasons (Fig.  5D), with a significant higher 
prevalence observed during the dry season (18.7%) com-
pared to the rainy season (9.9%) (p = 0.0008). The same 
trend was observed with the prevalence of P. ovale sporo-
zoite mono-infection (dry: 1.0% vs raining season: 0.5%), 
while the rate of P. malariae sporozoite mono-infection 
(1.6%) did not change with season. The prevalence of 
sporozoite co-infection with P. falciparum/ P. malariae 
during rainy season (0.5%) was higher than that observed 
during the dry season (0.3%). However, 0.3% of Anopheles 
had P. ovale sporozoite co-infection with either P. falcipa-
rum or P. malariae during both raining and dry seasons. 
The P. falciparum/ P. malariae/ P. ovale triple-infection 
was 0.3% during dry season.

Entomological index of malaria transmission
Some entomological parameters were determined to 
assess the transmission of malaria in rural and urban 
areas. The results of the entomological index according 
to the study site and seasonality are reported in Table 3. 
The Anopheles man biting rate (ma) in the household 
of in Goma Tsé-Tsé district (rural area) was 0.84 bites/
night (b/n), compared to 0.36 b/n obtained in the house-
hold from Madibou (urban) district. However, overall 
entomological inoculation rate (EIR) was 0.13 ib/p/n or 
47.5 ib/p/y in the study setting. The EIR was 0.17 ib/p/n 
or 62.1 ib/p/year in rural area compared to 0.092 ib/p/n 
or 33.6 ib/p/y in urban area. This index was 0.18 ib/p/n 
during the dry season compared to 0.14 ib/p/n during 
the rainy season, and ma in the household remained con-
stant during the raining (0.69) and dry (0.72) seasons. 
The ma of An. gambiae s.l. decreased when moving from 
rural (0.77 b/n) to urban area (0.34 b/n), while the con-
trary was observed with the EIR (rural: 0.15 ib/p/n vs 
0.34 ib/p/n) of this species. However, the two parameters 
(ma and EIR) of An. funestus s.l. and An. moucheti were 
higher in rural area compared to the urban area as shown 
in Table 3. In addition, ma and EIR of An. funestus s.l. and 
An. moucheti were higher in raining season compared to 
dry season while no change in terms of ma and EIR was 
observed with season for An. gambiae s.l.

Discussion
The present study aimed to determine the entomological 
indicators of Plasmodium spp transmission in Goma Tsé-
Tsé and Madibou districts in the Republic of Congo. The 
entomological monitoring carried out revealed that An. 
gambiae s.l. was the major species in Goma Tsé-Tsé and 
Madibou districts, since it represents more than 90% of 
the total Anopheline caught in this study. The dominance 
of this species could be explained by its status as the main 

vector in the transmission of malaria in the Republic of 
Congo. These results are in line with previous studies in 
Cameroon [28, 29], in DRC [30] and in Gabon [31], that 
also reported the An. gambiae s.l. as the major group of 
Anopheles [2].

Anopheles funestus s.l. and An. moucheti were the other 
malaria vector identified in this study, but at the lower 
proportions. This study further confirms the presence 
of An. funestus and An. moucheti in Goma Tsé-Tsé dis-
trict [18, 32], and reports for the first time the presence of 
these two species in a urban area in the Madibou district 
located at the southern part of Brazzaville. Like previ-
ous observation in southern areas of Cameroon [28], the 
proportion of caught An. gambiae s.l. was higher during 
the dry season compared to the wet season. However, 
the reverse distribution was observed with An. funestus 
s.l. between the two seasons. It is well known that Sahe-
lian anopheline populations are seasonal, peaking in the 
rainy season [33, 34], as it was observed here with An. 
funestus s.l.. The presence of a dry-season population of 
An. gambiae s.l. in this study reflects and responds to 
the presence of enduring larval habitat in the two locali-
ties. In fact, the sites where the study was carried out are 
characterized by the presence of neglected ponds and the 
culture gardening that contribute to the development of 
mosquitoes during dry season.

Molecular analyses showed that An. gambiae s.s. was 
the major species of the An. gambiae complex, followed 
by An. coluzzii, and An. arabiensis. These findings are in 
line with previous reports showing that An. gambiae ss is 
the predominant species within the An. gambiae complex 
in Central Africa [28, 35, 36]. The same species were also 
recently identified in western Burkina Faso [33], but with 
An. arabiensis being the major malaria vector.

In this study, An. gambiae s.s. was highly prevalent in 
urban area compared to the rural areas, while the con-
trary was observed with An. coluzzii between the two 
areas. The abundance of An. gambiae s.s. in Madibou 
district, which is the urban areas might be justify by the 
presence of active gardening cultures and the Djoué river 
bordering the area. The same observation was done in 
Benin. This is in line with previous studies conducted in 
Senegal which reported the abundance of An. gambiae 
s.s. in the locality bordered by Gambia River and where 
agriculture is active [37].

Out of the 699 Anopheles mosquitoes captured in this 
study, the Plasmodium spp infection rate was higher in 
abdomens compared to the heads/thorax compartment. 
This disparity is in line with that reported by previous 
studies [27, 38], suggesting the likely effect of mosquito 
immune response against the parasite development 
from the oocyst (abdomen) to the sporozoite (heads/
thorax) stages [39, 40]. The mono-infection rate of P. 
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falciparum, P. malariae and P. ovale was higher in heads/
thorax compared to abdomens compartments. This could 
be explained by the competition between the different 
Plasmodium parasites by eliminating others when the 
parasite density of the latter is low in order to migrate 
towards the salivary gland of Anopheles mosquitoes [41]. 
The overall infection rate of Plasmodium spp sporozoite 
in the field-caught Anopheles was 77.6%, with P. falcipa-
rum being the predominant parasites species, followed 
by P. malariae and P. ovale. This trend supports the find-
ings from a previous epidemiological study conducted 
during the same period in the same locality [13], con-
firming the local transmission of these malaria parasite in 
human population. The results obtained this study can be 
explained by the fact that P. falciparum is the predomi-
nant malaria parasite in the Republic of Congo, although 
control and elimination efforts should not ignore P. 
malariae and P. ovale, present in low infection rate [13]. 
These three Plasmodium species were also identified in 
malaria vectors in the centre region of Ivory Coast [42]. 
Previous study in Cameroon and Gabon also identified 
P. falciparum in malaria vectors, but did not specify the 
non-falciparum species due to the limitations of technic 
used [27, 43].

Among the Anopheles vectors, the infection rate of 
Plasmodium spp sporozoite was predominant in An. 
funestus s.l., followed by An. moucheti, and then An. gam-
biae s.l. This result does not directly imply that An. funes-
tus and An. moucheti are the major malaria vectors in 
these localities, since these two species represented less 
than 10% of the total field-caught Anopheles. The high 
infection rate of Plasmodium spp observed in An. gam-
biae s.l., which was the major Anopheles species in this 
study confirm its first place in malaria transmission in 
central Africa [28–31]. These observations showed that 
most cases of malaria occurring in the studies sites are 
carried by An. gambiae s.s., but An. funestus is the most 
competent species in the malaria transmission although 
the latter has been captured in small numbers 6.9% 
(48/699). The vectorial capacity of An. funestus has been 
shown in several regions of Cameroon [44, 45], so far, 
where it has been reported, it can sustain very high levels 
of malaria transmission [21, 45]. However, the identifica-
tion of An. funestus and An. moucheti like in others coun-
tries [3, 7, 43, 44], suggests a deep study of the diversity of 
malaria transmission vectors in southern of Brazzaville.

Plasmodium falciparum parasite sporozoite was 
detected in all field-caught malaria vector in this study. 
An gambiae s.l. was responsible of the transmission 
of all Plasmodium species either in mono or in mix-
infection, since all Plasmodium species sporozoite were 
detected in this vector. Anopheles funestus was showed 
to be able to transmit P. falciparum either in mono or in 

co-infection with P. malariae or P. ovale. However, a high 
rate of P. malariae/ P. ovale sporozoite co-infection was 
only detected in An. moucheti. All these findings suggest 
that there is a likely genetic susceptibility to Plasmodium 
species infection, as well as a competitive parasite inter-
action in case of co-infection in the Anopheles species. 
The presence of Plasmodium species in Anopheles vec-
tors showed the participation of those species in malaria 
transmission.

It is well known that seasonality and the endemic local-
ity are main factors related to epidemiology [13] as well 
as the level of malaria transmission [13]. The infection 
rate of Plasmodium species was also assessed accord-
ing two ecological parameter including study site and 
the seasonality in the present work. The overall infec-
tion rate of Plasmodium spp sporozoite as well as the 
entomological inoculation rate of malaria vectors were 
significantly higher in urban area compared to the rural 
area. These results are in contrast with the findings com-
monly reported, showing that the urbanization is associ-
ated with the decrease of malaria transmission level [7]. 
One of the reasons of the results observed in this study 
might be the diversity of the Plasmodium species cir-
culating between the two areas. All types of mono and 
mixt-infection of Plasmodium species were found in 
rural area, while the urban area was characterized by the 
predominance of P. falciparum mono-infection and dual 
P. falciparum/ P. malariae infection. Thus, the competi-
tive development of two parasite species within a single 
mosquito might contribute to the decrease of the rate of 
infection.

According to the seasonality, the overall sporozoite 
infection rate and the entomological inoculation rate of 
Anopheles were higher during dry season compared to 
the wet season. The same observations were done during 
an entomological study conducted in the southern area 
of Cameroon [28]. However, these results are in discord-
ance with the previous reported malaria epidemiology 
situation in the same study areas in Republic of Congo 
[13], as well as seasonal malaria vector and  transmis-
sion dynamics reported in western Burkina-Faso [33]. All 
these findings may suggest a change of mosquito’s behav-
iour vis-a-vis the inhabitants that might occur between 
the two seasons, and according to the endemic area con-
cerned in sub-Saharan Africa. Meanwhile, the fact that 
transmission occurs both during the dry and wet seasons 
in this study might be indicative of a perennial pattern in 
the locality. Anopheles gambiae s.l. was the most aggres-
sive species with a bite rate higher than the other vec-
tors, and P. falciparum being the predominant species, 
in the two area and during the rainy dry season. This is 
not improbable and is in support of previous studies in 
central Africa [28–30]. The annual average entomological 
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inoculation rate (47.5 ib/p/y) recorded in this study 
was one of the highest ever recorded in the Republic of 
Congo and should be associated to a high infection rate 
in humans populations living in those areas [13]. Indeed, 
Trape & Zoulani [32] reported that annual EIRs of 22.5 
ib/p/y are regularly associated with a prevalence of Plas-
modium spp in humans [13], stand the risk of getting a 
daily infective mosquito bite of 0.18 ib/p/n during the 
dry season and 0.14 ib/p/n during the rainy season. In 
the previous study reported in malaria epidemiology 
situation [13], showed the high prevalence of malaria in 
dry season. Although the average annual entomological 
inoculation recorded in this study was lower than that in 
Gabon, the former suggest a P. falciparum prevalence in 
humans [27, 43].

Conclusion
These findings highlight that malaria transmission 
remains high in rural and urban area in the south of 
Republic of Congo despite the ongoing control efforts, 
thereby indicating the need for more robust interven-
tions. The vectors found in rural and urban setting mostly 
belong to the An. gambiae s.l. (An. gambiae, An. coluzzii, 
An. arabiensis), but with variable relative proportion 
from one locality to another.
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