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Background: Culex pipiens is considered a vector for the transmission of 

infectious, viral, and parasitic diseases. To control this mosquito vector, 

investigating symbiotic bacteria colonized inside the mosquitoes’ organs to 

impede the transmission of pathogens has been of recent interest to 

researchers. 

Methods: This revision was intended to provide a comprehensive overview 

of the diversity of endosymbiont bacteria residing in different tissues of Cx. 

pipiens globally by using reports in Google Scholar, PubMed, and Science 

Direct until May 2024. 

Result: The results showed that more than 50 bacterial genera have been 

reported in Culex tissues, in which the bacterial diversity was higher in the 

midgut than eggs or the whole body in Cx. pipiens. More than 65% of samples 

were insect-reared mosquitoes than wild types. Various methods based on 

culture-dependent and culture-independent approaches followed by molecular 

techniques such as 16SrRNA Illumina sequencing, Next Generation 

Sequencing (NGS), RNA shotgun metagenomic sequencing (RNA-seq), RT-

PCR, and MALDI-TOF MS have been used for the recognition of bacteria at 

genera or species levels. The most favorable gene for molecular analysis via 

PCR is 16SrRNA; however, the wsp gene was another candidate used for 

identification of the bacterial community. 

Conclusion:  These results provide a library of defined bacteria associated 

with Cx. pipiens. The characterization of tissue-specific and host-specific 

bacterial communities sheds light on further studies pursuing the functional 

role of endosymbiont organisms in control strategies and vector biology. 
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1. Introduction  

Culex pipiens L. (Diptera: Culicidae), a 

widespread mosquito species, is considered 

a vector for the transmission of infectious 

diseases such as West Nile disease, Rif 

Valley fever, Japanese encephalitis, St. 

Louis encephalitis, Sindbis virus, and 

Lymphatic Filariasis (1–12) and also a 

probable vector associated with the 

Hepatitis C virus (HCV) (5, 13). To control 

this vector with medical and veterinary 

importance (14, 15), synthetic insecticides 

(e.g., organochlorine and organophosphate 

combinations) are the most favored 

approach (16). Due to the robust insecticide 

resistance in mosquito populations 

(17), resulting in detrimental effects on 

human health and the environment (18, 19), 

researchers are interested in inspecting 

various alternative strategies to control 

mosquitoes (15, 20–22). 

Bacteria, fungi, viruses, and archaea are the 

microorganisms living inside insects’ mid-

gut and other organs that directly or 

indirectly control their reproduction, 

growth, and other physiological activities 

like immune system functions (23). 

Stagnant water sources, such as sewage 

pools, cesspools, and sewers, are suitable 

places for Cx. Pipiens populations are also 

associated with some commensal bacterial 

strains found inside mosquitoes’ midguts 

(24). The microorganisms harbored by the 

midgut originated from the environment in 

which the larvae lived (25). As soon as they 

metamorphose into pupae, their microbiota 

will disappear, and bacteria from the larval 

phase are transferred to adult insects (25, 

26). The similarity of bacterial 

communities found in different places 

facilitates the utilization of alternative 

strategies to control vectors. 

Investigating symbiotic bacteria colonized 

inside the mosquitoes’ organs to impede the 

transmission of pathogens has been of 

recent interest to researchers. Lately, 

investigations revealed the association 

between residing symbiotic bacteria inside 

the insect midgut and resistance to 

insecticides by direct metabolism of 

chemical insecticides (27) or indirectly 

growing the activity of some enzymes or 

augmenting gene expression (28). Due to 

the interactions between pathogens and 

other bacterial communities inside the 

vector’s body for the transmission of 

specific diseases (24, 29), the 

characterization of their colonies reveals an 

influence on host biology and vector 

competence. For instance, bacteria 

harbored in the midgut have a significant 

role in the growth and development of 

mosquitoes, as well as digestion and 

absorption, nutrient metabolism, and 

regulation of the immune system (30–32). 

Thus, any modification in bacterial 

composition results in altered gene 

expression patterns and mosquito tissues 

(33, 34).  

Alternatively, the use of antibiotics is 

common to control microbes inside 

mosquito guts; however, antibiotic 

resistance should be considered another 

challenge, not to omit the natural 

microbiota (35). Besides, the application of 

these components may have some 

influences on host immunity and 

metabolism in misquoted hosts and modify 

bacterial functionality (36). This revision 

was intended to provide a comprehensive 

overview of the diversity of endosymbiont 

bacteria residing in different tissues of Cx. 

pipiens globally by using different 

morphological and molecular detection 

approaches. 
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2. Materials and Methods  

This revision was intended to provide a 

comprehensive overview of the diversity of 

endosymbiont bacteria residing in different 

tissues of Cx. pipiens globally using reports 

indexed in Google Scholar, PubMed, and 

Science Direct until May 2024. Key-words 

encompassed “mosquitoes and bacteria,” 

“Cx. pipiens and bacteria,"  “Cx. pipiens 

and microbiota," and “Culicidae and 

bacteria." These data were thoroughly 

extracted to provide a library of bacteria 

detected in Cx. pipenes worldwide and with 

various recognition methods. 

3. Results and discussion 

In this review, the bacterial communities 

detected in the mid-gut of Cx. pipiens, the 

main vector of several viral diseases, are 

summarized. The results showed that more 

than 50 bacterial genera have been reported 

in Culex including Acinetobacter, 

Actinobacillus, Aeromonas, Anaplasma, 

Aquitalae, Asaia, Azospirillum, Bacillus, 

Bdellovibrio, Bosea, Bradyrhyzobium, 

Brevundimonas, Cedecea, 

Chryseobacterium, Clostridium, 

Comamonas, Cutibacterium, Dietzia, 

Dyadobacter, Elizabethkingia, Elstera, 

Enterobacter, Erwinia, Escherichia, 

Flavobacterium, Flectobacillus, 

Gluconobacter, Halomonas, Klebsiella, 

Lactiplantibacillus, Lactobacillus, 

Legionella, Leifsonia, Lentilactobacillus, 

Leucobacter, Methylobacterium, 

Moraxella, Morganella, Novosphingobium, 

Pantoea, Providencia, Pseudomonas, 

Ralstonia, Ralstonia, Ramlibacter, 

Rhodobacter, Rickettsiella, Salmonella, 

Serratia, Shigella, Sphingobacterium, 

Sphingomonas, Staphylococcus, 

Streptococcus, Thorsella, Variovorax, 

Wolbachia, and Xanthomonas (Table 1). In 

addition, in some studies, the bacteria were 

reported at the family level or as an 

uncategorized bacterium. Proteobacteria 

have been recorded as the dominant phyla 

detected in Culicidae members (37, 38). 

Different bacterial strains of dissimilar 

phylums and classes have been recorded in 

Culex species’ residing mid-guts, salivary 

glands, and reproductive tracts (ovary and 

testes) in field-collected larvae and 

laboratory-reared samples (29, 39–43). 

Though these organs or tissues are 

recognized to harbor bacterial 

communities, more concentration is on the 

mosquito midgut, which has a vital role as 

the first obstacle that mosquito-borne 

pathogens encounter (44, 45).  

The successful development of pathogens 

needs to overcome this barrier to be 

transmitted through the mesquite's next 

bite. In this regard, bacterial diversity was 

higher in the midgut than in eggs or the 

whole body in Cx. pipiens. More than 65% 

of samples were insect-reared mosquitoes 

than wild types. In my revision, no result 

was found about bacterial communities in 

the salivary gland, testis, or ovary. In these 

reports (Table 1), various methods based on 

culture-dependent and culture-independent 

approaches followed by molecular 

techniques such as 16SrRNA Illumina 

sequencing, Next Generation Sequencing 

(NGS), RNA shotgun metagenomic 

sequencing (RNA-seq), RT-PCR, and 

MALDI-TOF MS have been used for the 

recognition of bacteria at genera or species 

levels (9, 37, 42, 46, 57, 58).  
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Table 1. Bacterial diversity of Culex pipiens is reported at the genus and species level, in addition to more information about their hosts, tissues that they 

collected, geographical location, and experimental detection methods. 

Bacteria phylum Bacteria class Bacteria order Bacteria genus 
Bacteria 

species 

Mosquitoes 

species/ 

genders 

Wild/ 

insectary 

reared 

Tissue Country References Detection methods 

Pseudomonadota Gammaproteobacteria Pasteurellales Actinobacillus - Cx. pipiens W H Florida (46) 

RNA shotgun 

metagenomic 

sequncing 

Pseudomonadota Gammaproteobacteria Pseudomonadales Acinetobacter - Cx. pipiens W M 
United 

States 
(47) 

Culture, biochemical, 

and morphological 

methods 

Pseudomonadota Gammaproteobacteria Pseudomonadales Acinetobacter - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota Gammaproteobacteria Pseudomonadales Acinetobacter - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonas - Cx. pipiens W M 
United 

States 
(47) 

Culture, biochemical, 

and morphological 

methods 

Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonas - Cx. pipiens ♀ ♂ I 
M, L, 

P 
Argentina (50) 

Morphological 

methods 

Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonas veronii 
Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 

Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonas - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota Alphaproteobacteria Rickettsiales Anaplasma - Cx. pipiens W H Florida (46) 

RNA shotgun 

metagenomic 

sequncing 
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Pseudomonadota Alphaproteobacteria Rhodospirillales Asaia 

bogorensis, 

platycodi, 

siamensis, 

lannaensis, 

prunellae, 

spathodeae

, astilbes 

Cx. pipiens 

pallens ♀♂ 

Cx. pipiens 

pipiens ♀♂ 

Cx. pipiens 

molestus ♀♂ 

 

W 

I 

 

M, L, 

P 

Hawaii, 

U.S.A. 

Kyoto, Japan 

New Jersey, 

U.S.A. 

Burkina 

Faso 

(52) 
PCR 16S rRNA, 

DNA sequencing 

Pseudomonadota Alphaproteobacteria Rhodospirillales Asaia 

Bogorensis, 

sp., 

platycodi 

Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 

Pseudomonadota Alphaproteobacteria Rhodospirillales Azospirillum - Cx. pipiens ♀ I L, M 
Champaign 

County, IL, 
(43) 

16SrRNA Illumina 

sequencing 

 Bacillota Bacilli Bacillales Bacillus - Cx. pipiens ♀ I L, M 
Champaign 

County, IL, 
(43) 

16SrRNA Illumina 

sequencing 

 Bacillota Bacilli Bacillales Bacillus - Cx. pipiens♀♂ W M Egypt (53) 
16srRNA genes 

sequencing 

 Bacillota Bacilli Bacillales Bacillus - Cx. pipiens I M Egypt (54) 

Culture and 

morphological 

methods 

Bdellovibrionota Bdellovibrionia Bdellovibrionales Bdellovibrio - Cx. pipiens ♀ I L, M 
Champaign 

County, IL, 
(43) 

16SrRNA Illumina 

sequencing 

Pseudomonadota 
 Alphaproteo

bacteria 

 Hyphomi

crobiales 
Bosea - 

Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota 
 Alphaproteo

bacteria 
Hyphomicrobiales Bradyrhyzobium - 

Cx. 

pipiens/restuans 

♀ 

 

I H Canada (55) 
16SrRNA Illumina 

sequencing 
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Pseudomonadota 
 Alphaproteo

bacteria 

 Caulobac

terales 
Brevundimonas - 

Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Bacteroidota Flavobacteriia Flavobacteriales Chryseobacterium - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota 
 Gammaprote

obacteria 
Enterobacterales Cedecea neteri 

Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 

Bacillota Clostridia Eubacteriales Clostridium - Cx. pipiens ♀ I L, M 
Champaign 

County, IL, 
(43) 

16SrRNA Illumina 

sequencing 

Pseudomonadota 
 Betaproteob

acteria 
Burkholderiales Comamonas - Cx. pipiens W M 

United 

States 
(47) 

Culture, biochemical, 

and morphological 

methods 

Pseudomonadota 
 Betaproteob

acteria 
Burkholderiales Comamonas - Cx. pipiens ♀ I L, M 

Champaign 

County, IL, 
(43) 

16SrRNA Illumina 

sequencing 

Pseudomonadota 
 Betaproteob

acteria 
Burkholderiales Comamonas - 

Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

 Actinomy

cetota 
Actinomycetia 

 Propionib

acteriales 
Cutibacterium - 

Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Actinomycetota Actinomycetia Mycobacteriales Dietzia - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

 Bacteroid

ota 
Cytophagia Cytophagales Dyadobacter - 

Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota Gammaproteobacteria Enterobacterales Entrobacter - 
Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 
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Pseudomonadota Alphaproteobacteria Rhodospirillales Elstera - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Bacteroidota Flavobacteriia Flavobacteriales Elizabethkingia - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Bacteroidota Flavobacteriia Flavobacteriales Elizabethkingia 
miricola, 

anophelis 

Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 

Pseudomonadota Gammaproteobacteria Enterobacterales Erwinia - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota Gammaproteobacteria Enterobacterales 
Escherichia/ 

Shigella 
- Cx. pipiens W H Florida (46) 

RNA shotgun 

metagenomic 

sequencing 

Pseudomonadota Gammaproteobacteria Enterobacterales Escherichia coli 
Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 

Pseudomonadota Gammaproteobacteria Enterobacterales Escherichia coli Cx. pipiens♀♂ W M Egypt (53) 
16srRNA genes 

sequencing 

Bacteroidota Flavobacteriia Flavobacteriales Flavobacterium - Cx. pipiens W M 
United 

States 
(47) 

Culture, biochemical, 

and morphological 

methods 

Bacteroidota Flavobacteriia Flavobacteriales Flavobacterium - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Bacteroidota Flavobacteriia Flavobacteriales Flectobacillus - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota Alphaproteobacteria Rhodospirillales Gluconobacter - 

Cx. 

pipiens/restuans 

♀ 

I H Canada (55) 
16SrRNA Illumina 

sequencing 
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Pseudomonadota Gammaproteobacteria Oceanospirillales Halomonas  
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota Gammaproteobacteria Enterobacterales Klebsiella - Cx. pipiens W M 
United 

States 
(47) 

Culture, biochemical, 

and morphological 

methods 

Pseudomonadota Gammaproteobacteria Enterobacterales Klebsiella - Cx. pipiens ♀ ♂ I 
M, L, 

P 
Argentina (50) 

Morphological 

methods 

Bacillota Bacilli Lactobacillales 
Lactiplantibacillu

s 
- 

Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Bacillota Bacilli Lactobacillales Lactobacillus - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Actinomycetota 
 Actinomycet

ia 
Micrococcales 

 

Leifsonia 
- 

Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota Gammaproteobacteria Legionellales Legionella - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Bacillota Bacilli Lactobacillales Lentilactobacillus - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Actinomycetota 
 Actinomycet

ia 
Micrococcales Leucobacter - Cx. pipiens ♀ I L, M 

Champaign 

County, IL, 
(43) 

16SrRNA Illumina 

sequencing 

Actinomycetota 
 Actinomycet

ia 
Micrococcales Leucobacter - 

Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota Alphaproteobacteria Hyphomicrobiales Methylobacterium - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxella - Cx. pipiens W H Florida (46) 

RNA shotgun 

metagenomic 

sequencing 
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Pseudomonadota Gammaproteobacteria Enterobacterales Morganella morganii 
Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 

Pseudomonadota Alphaproteobacteria Sphingomonadales Novosphingobium - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota Gammaproteobacteria Enterobacterales Pantoea - 

Cx. 

pipiens/restuans 

♀ 

I H Canada (55) 
16SrRNA Illumina 

sequencing 

Pseudomonadota Gammaproteobacteria Enterobacterales Providencia - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonas - 

Cx. 

pipiens/restuans 

♀ 

I H Canada (55) 
16SrRNA Illumina 

sequencing 

Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonas - 

Cx. 

pipiens/restuans 

♀ 

I H Canada (55) 
16SrRNA Illumina 

sequencing 

Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonas - Cx. pipiens W M 
United 

States 
(47) 

Culture, biochemical, 

and morphological 

methods 

Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonas - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota 
 Betaproteob

acteria 
Burkholderiales Ralstonia - 

Cx. 

pipiens/restuans 

♀ 

I H Canada (55) 
16SrRNA Illumina 

sequencing 

Pseudomonadota 
 Betaproteob

acteria 
Burkholderiales Ralstonia - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota 
 Betaproteob

acteria 
Burkholderiales Ramlibacter - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 
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Pseudomonadota Alphaproteobacteria 
 Rhodoba

cterales 
Rhodobacter - Cx. pipiens ♀ I L, M 

Champaign 

County, IL, 
(43) 

16SrRNA Illumina 

sequencing 

Pseudomonadota Gammaproteobacteria Legionellales Rickettsiella - 

Cx. 

pipiens/restuans 

♀ 

I H Canada (55) 
16SrRNA Illumina 

sequencing 

Pseudomonadota Gammaproteobacteria Enterobacterales Salmonella - Cx. pipiens♀♂ W M Egypt (53) 
16srRNA genes 

sequencing 

Pseudomonadota Gammaproteobacteria Enterobacterales Serratia 

Marcescens

, 

nematodiph

ila 

Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 

Pseudomonadota Gammaproteobacteria Enterobacterales Serratia - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota Gammaproteobacteria Enterobacterales Shigella - Cx. pipiens I M Egypt (54) 

Culture and 

morphological 

methods 

Pseudomonadota Gammaproteobacteria Enterobacterales Shigella - Cx. pipiens♀♂ W M Egypt (53) 
16srRNA genes 

sequencing 

Bacteroidota Sphingobacteriia Sphingobacteriales Sphingobacterium - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota Alphaproteobacteria Sphingomonadales Sphingomonas - Cx. pipiens W M 
United 

States 
(47) 

Culture, biochemical, 

and morphological 

methods 

Pseudomonadota Alphaproteobacteria Sphingomonadales Sphingomonas - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota Alphaproteobacteria Sphingomonadales Sphingomonas - 
Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 
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Bacillota Bacilli Bacillales 
Staphylococcus 

 
- Cx. pipiens I M Egypt (54) 

Culture and 

morphological 

methods 

Bacillota Bacilli Bacillales 
Staphylococcus 

 
- Cx. pipiens♀♂ W M Egypt (53) 

16srRNA genes 

sequencing 

Bacillota Bacilli Lactobacillales Streptococcus - Cx. pipiens I M Egypt (54) 

Culture and 

morphological 

methods 

Pseudomonadota Gammaproteobacteria - Thorsella anophelis 
Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 

Pseudomonadota 
 Betaproteob

acteria 
Burkholderiales Variovorax - 

Cx. pipiens 

pallens♀ 
I M China (49) 16SrRNA sequencing 

Pseudomonadota Alphaproteobacteria Rickettsiales Wolbachia - 

Cx. 

pipiens/restuans 

♀ 

I H Canada (55) 
16SrRNA Illumina 

sequencing 

Pseudomonadota Alphaproteobacteria Rickettsiales Wolbachia 
sp., 

pipientis 

Cx. pipiens 

quinquefasciatus 
I M 

Guangzhou, 

China 
(51) 

Metagenomic 

sequencing 

Pseudomonadota Alphaproteobacteria Rickettsiales Wolbachia - Cx. pipiens W M, E 

United 

States, 

Illinois 

(48) 
MiSeq sequencing of 

the 16SrRNA gene 

Pseudomonadota Alphaproteobacteria Rickettsiales Wolbachia - Cx. pipiens♀ W H Sweden (56) 

morphological 

method and PCR 

(wsp gene) 

Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonas - Cx. pipiens ♀ I L, M 
Champaign 

County, IL, 
(43) 

16SrRNA Illumina 

sequencing 

Mid-gut (M), whole mosquito (H), larvae (L), pupae (P), egg (E), and wild (W) or insectary reared population (I) are specified. 
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To delimit bacterial diversity in mid-gut 

and reproductive tracts by molecular 

approaches like PCR, different primers for 

general bacteria and species-specific sets 

(such as Asaia) could be used, followed by 

DNA sequencing, which reveals their 

similarity through blast hits in the online 

database GenBank (NCBI).  The most 

favorable gene for molecular analysis via 

PCR is 16SrRNA (43, 49, 52, 55); however, 

the wsp gene was another candidate used 

for the identification of the bacterial 

community in Cx. pipiens from Sweden 

( 5 6 ) . 

Conclusion 

These results provide a library of defined 

bacteria associated with Cx. pipiens. The 

diversity of bacteria potentially has 

implications for their differences in vector 

competence. The characterization of tissue-

specific and host-specific bacterial 

communities sheds light on further studies 

pursuing the functional role of 

endosymbiont organisms in control and 

vector biology. 
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