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Abstract 
Both Lymphatic filariasis and onchocerciasis represent serious health issues in tropical 

regions. Filarial nematodes are the causative agents and these filarial nematodes harbor 

intracellular alpha-proteobacteria, Wolbachia, that was first observed almost 30 years ago. 

Wolbachia has evolved a mutualistic symbiosis with these nematodes which are required 

for their embryogenesis. The essential role of these bacteria in the biology of the nematode 

makes Wolbachia a promising novel chemotherapeutic target for the treatment of filarial 

infection. anti-Wolbachia targeting appears a promising alternative for filariasis treatment 

in situations where current programmatic strategies fail or are unable to be delivered. 

Wolbachia has been found worldwide in numerous arthropods in addition to filarial 

nematodes. Wolbachia is a biological method for manipulating the mosquito population 

and reducing the transmission of disease and increasing the burden on human health. In 

mosquitoes, the sterility of males can be achieved through, Wolbachia cytoplasmic 

incompatibility. Thus, the use of Wolbachia bacteria offers a potential strategy for the 

control of filarial infection. 
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INTRODUCTION 
The filarial nematodes that cause lymph-

atic filariasis (LF) or elephantiasis and 

onchocerciasis or African river blindness 

affect more than 200 million people 

throughout the tropics. These nematodes 

are transmitted by vectors. Because of the 

high morbidity of these parasitic infecti-

ons, mass drug administration (MDA) pr-

ograms were found to overcome them (1). 

Human LF is caused by Wuchereria banc-

rofti, Brugia malayi and B. timori and is 

transmitted by Anopheles and Culex, 

while human onchocerciasis is caused by 

Onchocerca volvulus and is transmitted 

by black flies (Simulium species) (2).  

Because of the drawbacks of current ther-

apy for onchocerciasis and LF, a new tre-

atment is needed. Chemotherapy agents 

targeting Wolbachia, bacteria present in 

filarial nematodes have been extensively 

studied (3).  

In addition to Wolbachia open a new win-

dow to design a strategy to control mos-

quitoes and vector-borne diseases (4). 
  

Wolbachia: A bacterial endosym-

biont 
In 1924, Hertig and Wolbach discovered 

the endosymbiont bacteria in Culex and 

these bacteria were named Wolbachia (5). 

It is maternally inherited alpha proteobac-

teria, a member of the Rickettsiales order, 

and presents in arthropod in addition to 

filarial nematodes such as Wuchereria ba-

ncrofti, Brugia malayi, and Onchocerca 

volvulus (6). 
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In the filarial nematode, these bacteria are 

found in all life stages but vary in num-

bers between them (7).  

Usually, they are found in the hypoderm-

mal cells of the lateral cords of filariae 

that appear into the body cavity in both 

males and females (8).  

They are also found in the ovaries, oocy-

tes, and embryonic development in fema-

les. But they are never found in the male 

genital system  (9).  

Furthermore, they are transmitted in these 

parasitic worms via oocytes to their offsp-

rings (10). 

There is a mutualistic relationship betwe-

en these bacteria and their nematode host-

s. As they are essential for the growth, fe-

rtileity, and viability of their hosts, while 

their hosts provide them with amino acids 

necessary for development (11).  

The Absence of these bacteria will affect 

the viability of the filarial worms (12). All 

these reasons make them a target for fila-

rial drug treatment and eliminating these 

parasites (13). 

In arthropods, these bacteria make repro-

ductive changes by cytoplasmic income-

patibility in order to maintain themselves 

and 70% of insect species seem to carry 

these bacteria (14).  

These bacteria are consisted of at least 

seven supergroups and a number of addit-

ional lineages depend on 16S rRNA 

surface protein (15).  

Two subgroups (C and D) present in the 

nematode hosts while four subgroups (A, 

B, E, H) are found in the arthropods (16).  

An additional Supergroup (F) appears in 

both arthropod and nematode and is con-

sidered a recent horizontal transfer betw-

een the two hosts (17). 
 

Anti-Wolbachia therapy 

Current mass drug administration progr-

ams are found to treat annually the most 

endemic populations with lymphatic fila-

riasis and onchocerciasis by using diethyl-

carbamazine, ivermectin, and albendaz-

ole. (18).  

These drugs are potent microfilaricides 

and decrease microfilaria loads in blood 

and skin but have restricted macrofilarici-

dal effects. As adults are long-lived and 

fertile for most of their lives, so patients 

must be treated for a long time (19).  

Furthermore, drug resistance of filarial 

worms has been demonstrated in several 

studies (20). 

In addition to the long duration of treatm-

ent; 17 years for the treatment of onchoc-

erciasis and five years for the treatment of 

LF and any discontinuation of the treatm-

ent will impede the prevention of paras-

itic transmission. But the treatment of 

these bacteria has a potent macrofilar-

icidal effect and also prevents embryo-

enesis causing the microfilaricidal effect. 

These properties make these treatments 

better than current treatments that work 

against the microfilariae but have limited 

activity against adults (13).  

The destruction of these bacteria causes 

the death of adult germline cells and the 

somatic cells in the embryos and microfi-

lariae and results in sterility of these 

worms (12).  

Doxycycline has been established as an 

effective drug against these bacteria with 

good macrofilaricidal activity and has be-

en recommended as a therapy for lymph-

atic filariasis and onchocerciasis (21).  

Although this drug is readily available, 

cheap, safe to use and effective macrofil-

aricidal drugs, several limitations impe-

ded its use in MDA programs (22).  

It needs a long course of treatment (4–6 

weeks) and is contraindicated for children 

and pregnant or breast-feeding women 

(23).  

Therefore, the anti-Wolbachia consortiu-

m (A-WOL) was established in 2007 and 

aimed to recognize new suitable drugs ag-

https://www.sciencedirect.com/topics/medicine-and-dentistry/oocyte
https://www.sciencedirect.com/topics/medicine-and-dentistry/oocyte
https://www.sciencedirect.com/topics/medicine-and-dentistry/onchocerciasis
https://www.sciencedirect.com/topics/medicine-and-dentistry/diethylcarbamazine
https://www.sciencedirect.com/topics/medicine-and-dentistry/diethylcarbamazine
https://www.sciencedirect.com/topics/medicine-and-dentistry/ivermectin
https://www.sciencedirect.com/topics/medicine-and-dentistry/albendazole
https://www.sciencedirect.com/topics/medicine-and-dentistry/albendazole
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ainst these bacteria that present in filarial 

worms which are used in the cont-

raindicated groups, with short courses 

and could be used on a wide-scale (24). 

In order to improve doxycycline treatm-

ent; the addition of a second antibiotic; 

rifampicin was done. This combination 

therapy decreased the length of treatment 

in murine filariasis (25).  

Another factor that improved the mode of 

delivery of doxycycline to increase the 

absorption of the drug, was the use of 

liposomes form of tetracycline to treat 

murine filariasis. This form of the drug 

was applied subcutaneously to infected 

rodents and the effects of microfilaricidal 

and macrofilaricidal effects were determ-

ined and compared with the therapy of 

free tetracycline that was applied orally to 

rodents. The liposome form was more 

efficient than the free tetracycline (26). 
 

Wolbachia as Eco-Friendly 

Biocontrol Agent  
At present, several strategies that do not 

cause any harm to the environment are 

achieved to diminish the transmission of 

the disease, such as the strategy of releas-

ing sterile males in the environment male 

mosquitoes were sterilized by exploiting 

the phenomenon of cytoplasmic incomp-

atibility instead of irradiation (27). 

The sterility of male mosquitoes can be 

achieved through the infection of mosqu-

eitoes with Wolbachia (28).  

These bacteria cause embryonic death in 

mosquitoes called cytoplasmic incompat-

ibility (29).  

This phenomenon is due to the income-

patibility of the sperm and eggs in mosq-

ueitoes that make these bacteria strongly 

invade these insects (30).  

Release mosquitoes infected with these 

bacteria in natural populations is an 

important measure to control diseases 

transmitted by mosquitoes (31) 

In addition to Wolbachia decrease the 

transmission of diseases through insects 

by two methods, the first method is by 

inhibiting the proliferation of pathogens 

in vectors and the second method is by 

reducing the life expectancy of vectors 

(32). 
 

Conclusions 
The filarial diseases cause global disab-

ility despite MDA programs present. 

Wolbachia is a promising therapy against 

filariasis, and antibiotics that target these 

bacteria are effective than standard trea-

tments due to their long-lasting effects 

and macrofilaricidal activity. Also, these 

bacteria are a biological method to cont-

rol mosquitoes and reducing the transmit-

ssion of disease. We recommend that fu-

ture research work should be directed 

toward Wolbachia treatment and Wolb-

achia-based control strategies. 
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