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INTRODUCTION 
 
Filariasis is a vector-borne parasitic disease of almost all kind of 
animals and humans which causes high economic losses in 
tropical and subtropical areas of the world. Causative agents of 
this disease are the filarial worms which belong to superfamily 
Filarioidea. Morphologically, these filarial worms are thin and 
long with no buccal capsule and pharynx. Esophagus has two 
portions; muscular on anterior side and glandular on posterior 
side. Males are usually smaller than females having unequal and 
dissimilar spicules. However, in females, vulva is located on the 
anterior side where fully developed larvae are born. The larvae 
of filarial worms are called microfilariae which usually live in the 
blood, lymphatic system and body cavities of the host.  
Filarioidea include three families namely Filariidae, Onchocercidae 
and Setariidae (Soulsby 2005). Most of the members included in 
these families are host specific including animals and humans. For 
examples, Wuchereria bancrofti is only pathogenic to humans 
causing elephantiasis which leads to a permanent disability in 
humans. Similarly, species of genus Setaria are only pathogenic to 
animals. However, most of the parasites included in family 
Filariidae, and Onchocercidae are associated in causing disease in 
both animals and humans. Nevertheless, few species among 
these families are non-pathogenic to animals, reports are 
available on the occurrence of these parasites in animals. Such 
species use these animals as their reservoir host till they find 
their definitive host i.e., humans (Soulsby 2005; Allen et al. 2008).  
Most important genera of family Filariidae include Wuchereria, 
Brugia, Mansonella, Dirofilaria, Parafilaria, Ornithofilaria and 
Bhalfilaria. Members of genus Wuchereria, Brugia, and Mansonella 
are mostly zoonotic in nature, however, they can also be found 
in different animals such as dogs, cats, horse, donkey, camel and 
small ruminants. Species of these genera have been reported 
as the main causative agent of lymphatic filariasis in humans. For 
example, Wuchereria (W.) bancrofti, Brugia (B.) malayi, Brugia 
timori, Mansonella (M.) ozardi, Mansonella perstans, have been 
involved in obstruction of lymphatic system, swelling, 
enlargement of limbs, breast and testes in humans (Deshpande 
et al. 2020). Genus Dirofilaria (D.) is mostly host specific and is 
prevalent in dogs, cats, foxes and wolf. Different species of 
Dirofilaria have been reported and are mostly present in 
America. Furthermore, species of Parafilaria, Ornithofilaria and 
Bhalfilaria are non-pathogenic to humans and are mostly 
present in animals including cattle, buffalo, sheep, goat, camel, 
horse and other wild animals (Soulsby 2005).  

Similarly, species of family Onchocercidae are mostly present in 
sub-cutaneous tissue of animals and a leading cause of river 
blindness in both animals and humans. Most important species 
of genus Onchocerca is the Onchocera (O.) volvulus, which is 
transmitted by black flies of genus Simulium and causes keratitis 
in animals, most importantly in cattle. However, onchocerciasis 
have also been reported in humans in Africa, Asia and United 
States (Deshpande et al. 2020).  
 
Geographical Distribution 
 
Filariasis most importantly elephantiasis is a worldwide 
problem which is the second most common cause of 
permanent disability. It is a vector-borne disease and mostly 
observed in tropical and subtropical areas of the world. 
Approximately, 120 million people in 73 countries including 
Asia, Africa, Western Pacific and some areas of America have 
been infected with lymphatic filariasis. Wuchereria (W.) bancrofti 
is responsible for 90% of infection in these areas. Less 
contributing parasite is B. malayi which is prevalent in China, 
Philippines, India, Indonesia and Malaysia. However, B. timori is 
the least contributing filaria which commonly occurs on Timor 
Island of Indonesia. Onchocerciasis is another form of filariasis 
which is commonly present in Saudi Arabia, Yemen and Latin 
America. However, it is highly prevalent in Africa and a major 
cause of river blindness (Riches et al. 2020). 
Filarial worms are usually pathogenic in human population, but 
they may infect almost all animal species. Unfortunately, the 
scientists have mainly focused on estimating the prevalence of 
different filarial parasites in the humans and a very little 
attention was given to locate the possible reservoirs and 
carriers for these zoonotic filarial worms such as domestic 
animals. Nevertheless, many species of microfilariae have also 
been reported from dogs, horses, sheep, goats, cattle and 
buffalos (Azzay et al. 1998; Hassan et al. 2015; Radwan et al. 
2016). Ekong et al. (2012) found from his experiment in Nigeria 
that more than 60% of filarial species were zoonotic in nature.  
D. immitis is most commonly present in dogs and is known as 
dog heart worm. From 424 clinically sick dogs presented at 
teaching veterinary hospital Guwahti, Assam revealed 5.42% 
cases of microfilariae infection (Bhattacharjee and Sarmah 
2014). Furthermore, 37 million people around the globe are 
infected with Onchocerciasis (river blindness). In 2012, 
Onchocerca spp. was also reported from dogs. Similarly, 
another study  revealed  12.8% prevalence of Dirofilaria in Baix 
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Llobregat region, Spain (Hassan et al. 2015). Reviewing the 
literature, it was found that filariasis is being neglected in many 
regions of the world including Pakistan. In Pakistan, there is a 
scarcity of knowledge regarding the occurrence of different 
filarial worms and very few cases of elephantiasis have been 
reports in humans and animals as well. 
First case of Onchocerciasis was reported in 1967 in wolf in 
Russia and the species identified was Onchocera (O.) lupi. After 
few years in 2011, ocular O. lupi was also isolated from human 
eye in Turkey. Interestingly, no case was reported in dogs at 
that time. During last decade, there has been observed an 
increasing trend of zoonotic cases of O. lupi in America, Middle 
East and Europe (Gracio et al. 2015). Likewise, Seteria spp. 
parasitize mostly the animals such as sheep, goat, horse, cattle 
and buffalo. These species occasionally cause fibrinous 
peritonitis in some accidental hosts. Similar case of Seteria 
infection was observed in Iran, where Seteria equina was 
isolated from left eye of fifteen years old girl. Similarly, four 
human cases of subconjunctival infection associated with Seteria 
labiatopapillosa were reported in Romania who were presented 
with swelling, photophobia and tearing signs (Panaitescu et al. 
1999). 
 
Transmission Dynamics 
 
It is important to understand the transmission cycle of filarial 
worms between humans, their biological vectors, geographical 
distribution of different microfilariae and the competency of 
vector for filarial worms. Biological vector of this disease are 
black flies and five genera of the mosquitoes namely Aedes, 
Anopheles, Culex, Mansonia and Ochlerotatus. Infective stage is 
called microfilariae which are consumed during a blood meal. 
Within the mosquitoes, they lose their outer cuticle and 
migrate to the thoracic muscles where they undergo larval 
development and L3 stage is formed. L3 migrates to the 
proboscis from where they can infect other vertebrate host 
during another blood meal. These L3 find their way in through 
a bite wound and after penetration L3 larvae molt into L4. 
These L4 migrate to their predilection sites such as lymphatic 
vessels and serous cavities and mature into adult worms (Chu 
et al. 2013). A complete layout of life cycle of filarial nematodes 
in the vector and host (animal and human) has been described 
in Figure 1. 
Unlike malaria and arboviruses, the transmission of filariasis is 
inefficient and many bites by the infected mosquitoes are 
required to start a new infection. Many factors contribute to 
their inefficient transmission. For example, very limited number 
of microfilariae are ingested by the vector and cannot multiply 
within the vector. Secondly, during blood meal, they are 
deposited on the skin rather then injected by the mosquito 
saliva and they need to find their way into the bite wound. 
Additionally, only those mosquitoes will contribute to 
transmission that survive for more than ten days. So, the 
transmission of filariasis is less efficient as compared to other 
vector-borne parasites (Malhotra et al. 2006). 
Transmission potential can be used as a tool to estimate the 
risk of lymphatic transmission. It can be calculated as the 
average number of microfilariae per infective mosquito and the 
average biting rate of vector in a specific time period. 
Transmission potential can be measured as monthly and annual. 
However, the annual measurement of transmission potential is 
more suitable because the monthly transmission potential may 
vary based on the season and biting density (Thiele et al. 2016). 

Unfortunately, the annual transmission potential of filariasis in 
relation to vector-parasite relationship and competency of 
different mosquitoes has not been estimated so far.  
Microfilarial periodicity is the daily pattern of circulation in the 
peripheral blood which is different for different microfilariae. 
In nocturnal periodicity, density of microfilariae greatly 
increases during the night while inexistent during the daytime. 
However, the density of some microfilariae is very high during 
the day showing diurnal behavior. Sometimes, the microfilariae 
can be seen during the day as well as at night which are called 
aperiodic microfilariae. Furthermore, diurnal sub-periodic 
behavior has also been reported wherein, high density of 
microfilariae is present at night still the microfilariae can be 
seen during night (Ekong et al. 2012). 
Microfilariae of W. bancrofti are said to have nocturnal behavior 
because they mostly present in peripheral blood of humans at 
night than day light. However, in case of Loa loa, the 
microfilariae exhibit diurnal behavior. It has been observed that 
periodicity of these microfilariae is a behavior of parasites 
rather than the host because the microfilariae are accumulated 
in the lungs at day light mediated by a fixation force while the 
switch mechanism allows the microfilariae to be released in the 
peripheral blood. Fixation force is dependent on the presence 
of oxygen tension, which means the parasites accumulate in the 
lungs at day when there is more oxygen available in the lungs 
(Allen et al. 2008). 
Periodicity of microfilariae also depend on the biting behavior 
of the vector ensuring their transmission. Moreover, some 
vectors prefer to seek blood from their host inside the houses 
while some prefer to feed when the hosts are outside. For 
example, the Anopheles mosquitoes prefer to feed on host 
during the night ensuring the transmission of W. bancrofti in 
Africa, South America, Middle East and South Asia (Deshpande 
et al. 2020). So, an appropriate method should be implemented 
to prevent biting of the mosquitoes. 
 
Pre-disposing Factors 
 
Humans are the primary host for many filarial worms. 
However, animals can also be infected with these parasites and 
may act as reservoirs for zoonoses. Different factors may be 
associated with the occurrence of filarial worms or with the 
emergence and re-emergence of filariasis. 
 
Age 
 
Lymphatic filariasis can occur in almost all age groups. Children 
may acquire infection sporadically in the age of six months 
which remain asymptomatic reservoirs for 10-15 years. 
However, infection rate has been found to rise with age of 20-
40 years. Due to poor diagnosis and false negative results, it 
appears only in small percentage of infected individuals. With 
the development of new diagnostic tools, it is revealed that the 
filariasis is a childhood-acquired disease and almost one third 
of the children are asymptomatically infected before the age of 
five years. In Kenya, Malhotra et al. (2006) screened neonates 
from 159 pregnant women having W. bancrofti infection. Some 
children were lacking filarial specific T-cell response at birth 
which indicated 13-fold increased risk of developing childhood 
infection. 
Mostly, the infected people remain asymptomatic and may not 
develop clinical symptoms throughout their life. Yet, many 
people develop clinical symptoms in later stage of their life after  
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Figure 1: Transmission dynamics of filarial worms 
 
the microfilariae will have damaged the lymphatic vessels with 
accumulation and obstruction. Initially, the condition is 
misdiagnosed with adenitis, but after puberty, the infected 
people begin to show characteristic clinical symptoms like 
elephantiasis and hydrocele. Additionally, filarial infection may 
lead to tropical pulmonary eosinophilia symptomized by cough, 
wheezing and shortness of breath. This condition is most 
common in Asia and is characterized by high level of IgE and 
anti-filarial antibodies (Solismaa et al. 2008). 
 
Density of Infection 
 
It is still unclear that how much or minimum level of 
microfilariae in an infected individual permit the infection of 
mosquitoes. Hawking (1962) reported that an individual with 
one microfilaria/mm3 of blood was able to infect 2.6% of 
mosquitoes fed on him. Besides, Omori (1962) observed that 
the mosquitoes did not survive when they were fed on a carrier 
having ≥80 microfilariae/mm3 of blood. The major reason 
behind the death was the maturity of a number of microfilariae 
in the mosquitoes.  
 
Social Factors 
 
Awareness, sleeping habits, urbanization, deforestation and 
industrialization are closely associated with filariasis. 
Furthermore, migration of people, vector population, import, 
export of goods are also some social factors associated with 

filariasis. Elephantiasis or lymphedema of legs cause permanent 
disability which hinders in the working capacity of the individual 
and cause suffering and economic loses (Malhotra et al. 2006). 
 
Vector Population 
 
Mosquitoes are the biological vectors for most of the filarial 
worms. Population density of mosquitoes is very high in 
tropical and subtropical areas of the world due to high 
temperature and humidity which are the favorable conditions 
for mosquito population. Furthermore, the host range for 
these vectors is very large including different animals which 
enables the filarial worms to use these animals as carriers 
(Thiele et al. 2016).  
 
Host Immunity 
 
Immunity of the host can limit the number of microfilariae to 
the threshold level. Mostly the filarial worms in subcutaneous 
tissues and skin become dead and remain encapsulated in the 
body. Furthermore, the immune system triggers the T-cell 
response that help to eliminate the microfilariae circulating in 
the blood (Malhotra et al. 2006). 
 
Migration of People 
 
Migrators pay major contribution in the emergence of a disease 
in disease free areas. Though, the migrated individuals from 
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endemic areas are asymptomatic, but they may be a carrier of 
filarial infection (Ekong et al. 2012). 
 
Gender 
 
Gender of the host is not apparently associated with the 
transmission of filarial infection as there is an equal chance of 
getting bite from the mosquitoes (Thiele et al. 2016). 
 
Parafilariais/ Summer Bleeding 
 
Parafilariais or summer bleeding is a skin disease of domestic 
and wild animals which is usually caused by filarial nematodes 
of genus Parafilaria. Two important species of Parafilaria are 
Parafilaria (P.) bovicola and Parafilaria (P.) multipapillosa. P. bovicola 
mostly infect cattle and buffalo and distributed worldwide. 
However, it is highly prevalent in Asia, Africa and some 
European countries such as Scandivania and Russia. Another 
species called P. multipapillosa is pathogenic to animals and most 
commonly parasitize horses, mules and donkeys. This species 
is abundantly prevalent in Eastern Europe (Caron et al. 2013). 
However, both species do not parasitize sheep, goat, dogs, cats 
and poultry. Prevalence of these parasites varies depending 
upon the region, vector population and season. It has been 
reported that half of the cattle population in South Africa is 
infected by P. bovicola. Similarly, about 15% prevalence of 
Parafilaria bovicola has been reported in Belgium (Losson and 
Saegerman 2009).  
Morphologically, Parafilaria adult worms have whitish cylindrical 
body with 6cm length while females are longer than males. Like 
other round worms, Parafilaria have a tubular digestive and 
nervous system but do not have excretory and circulatory 
system. Adult microfilariae reside in the skin of their host 
where the female worm cause focal cutaneous hemorrhages 
from where the blood start oozing for few hours, followed by 
the clotting and drying on the skin (Soulsby 2005). These 
bleeding spots mostly occur on the forequarters of the animal 
and usually seen in the spring and early summer. Due to this 
reason, the condition is called as summer bleeding, which 
facilitates the female worms to perforate the skin nodules and 
lay eggs in the blood dripping from the wound. Musca flies 
ingest Parafilaria eggs while feeding on the bleeding spots. In the 
vector, they undergo development and L3 larvae are formed 
which are again transmitted to animal during next meal. 
Parafilariasis in animals damage the skin and underlying muscles, 
which leads to condemnation of carcasses (Hamel et al. 2022) 
and cause huge economic losses to the meat industry. 
 
Onchocerciasis 
 
Onchocerciasis is a parasitic disease of farm animals including 
cattle, buffalo and horses. However, some species of 
Onchocerca have also been reported in dogs and humans 
(Soulsby 2005). The species of Onchocerca are distributed 
worldwide, particularly, in tropical and sub-tropical areas of the 
world. Most common species of veterinary importance include 
O. gibsoni, O. gutturosa, O. dukei, O. ochengi, O. armillata, O. 
reticulata, O. raillieti, O. cervicalis, O. lupi and O. volvulus. Most of 
these species are host specific with specific geographical area, 
for examples, O. dukei, O. ochengi and O. armillata are parasites 
of cattle and mostly prevalent in Africa. Similarly, some other 
species like O. gutturosa and O. gibsoni are prevalent in Australia, 
Africa, Europe and America. Some of the parasites also infect 

horses all around the world such as O. cervicalis, O. reticulata 
and O. raillieti. In Europe and America, O. lupi has been 
occasionally found in dogs, however, rare cases of human 
infection have also been reported. Among all the species of 
Onchocerca, O. volvulus and O. lupi are zoonotic in nature and 
have been associated in causing river blindness in humans 
(Macfarlane et al. 2020).  
Adult Onchocerca can be 50cm long having flexible but rough 
cuticle. The cuticle in Onchocerca is transversally striated 
forming structures like rings. Females are viviparous in this 
genus. In the life cycle of O. gibsoni, midges of genus Culicoides 
act as intermediate host whereas, in O. gutturosa and O. dukei, 
black flies of genus Simulium act as intermediate host to 
transmit these parasites into other animals. The incidence of 
onchocerciasis in cattle may be high, for example, 100% of 
cattle may be infected with O. gibsoni, O. lienalis and O. gutturosa 
in Australia and 50 to 90% cattle may be infected with O. dukei. 
Likewise, 22-61% of horses have been infected with O. cervicalis 
in USA (Soulsby 2005).  
The adult worms of O. gibsoni reside in subcutaneous tissue by 
producing nodules (worm nest). These nodules are surrounded 
by fibrous tissue, which becomes thickened with the passage of 
time. Furthermore, the degeneration of tissue occurs, and 
calcification takes place forming a rigid nodular swelling under 
the skin. In such cases, the infected animals do not show any 
clinical signs, however, the carcasses of such animals are 
severely damaged and should not be recommended for sale 
(Lagatie et al. 2018). The accumulation of microfilariae in the 
subcutaneous tissues leads to popular or exudative dermatitis 
with alopecia and sever pruritis. Nevertheless, this condition 
may be due to allergic reactions to the bites of insect vectors. 
O. volvulus is commonly involved in ocular onchocerciasis which 
is most common in humans, cattle and horses. It causes river 
blindness in the infected patients and is characterized by 
conjunctivitis, keratitis, uveitis and kerato-conjunctivitis 
(Bennuru et al. 2020).  
Adult worms of Onchocerca can most commonly be seen in the 
hip region of animals on post-mortem. However, the skin 
nodules containing adult worms can also be palpated. 
Furthermore, the microfilariae can be detected by skin snip 
method under microscope. Skin patch testing with 
diethylcarbamazine can also be effective in the identification 
(Alhassan et al. 2016). Some of the tests that can be used in 
identification of microfilariae are listed in Table 1.  
 
Dirofilariasis/Dog Heartworm Disease 
 
The causative agents of this disease are the filarial species of 
genus Dirofilaria. Several species of Dirofilaria have been 
reported, however, the most important parasite is the 
Dirofilaria immitis. The definitive host of this parasite is primarily 
dogs, cats, fox and wolf in which it resides in the right ventricle 
and pulmonary artery. Due to this reason, the D. immitis is 
known as dog heart worm. Males of this parasite are 12-16 cm 
long and females are 25-30 cm long. Microfilariae of this 
parasite can be always seen in the blood. However, the 
periodicity of their microfilariae is different in different regions 
of the world. For example, in USA, the concentration of 
microfilariae is maximum at 16.30 hours, while in France, 
maximum concentration can be observed at 20.00 hours 
(Soulsby 2005). 
Transmission of Dirofilaria spp. is facilitated by the intermediate 
host  i.e.,  a  variety  of  mosquito  species  belonging   to  genus 
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Table 1: List of diagnostic tests for the detection of onchocerciasis infection 
Test name Principal Target References 
Tissue biopsy Microscopic examination of skin snip biopsy Microfilaria Alhassan et al. 2016; Unnasch et al. 2018 
Mazzotti patch test Microfilaria-induced inflammatory reaction 

by diethylcarbamazine  
Microfilaria Mazzotti 1951 

Elisa Screening of surface and secreted Ags by 
serum IgG and IgM 

Adult Onchocerca AGs; Ov7, 
10, 16, 20 and Ov 33 

Lagatie et al. 2018  

qPCR Amplification of genomic DNA Targeted gene Zimmerman et al. 1994 
LAMP - 0-150, Cox1 and miRNA Alhassan et al. 2016; Macfarlane et al. 2020 
Biomarker Lateral flow immunoassay NATOG (N-acetyltyramine -

O-glucuronide) 
Denery et al. 2010 

Lateral flow immunoassay 
and Mass spectrometry 

Liquid chromatography tandem mass 
spectrometry method (LC-MS/MS) 

Phospholipids Bennuru et al. 2018; Bennuru et al. 2020 

 
Aedes, Anopheles and Culex. Dogs become infected when 
infected mosquito takes a blood meal. During initial infection, 
the parasites can be found in the submuscular membrane and 
subcutaneous tissue. However, after three months of infection, 
these parasites migrate and reside in the heart and pulmonary 
artery. Further after two weeks, when the parasites mature 
into adults, microfilariae are shed in the blood where they can 
survive for two to three years. Most of the infected dogs do 
not show any clinical signs except for the presence of 
microfilariae in the peripheral blood. However, in heavy 
infections, these parasites cause mechanical interference in the 
functioning of the heart. Large number of D. immitis can 
accumulate in right atrium, right ventricle and pulmonary artery 
resulting in pulmonary hypertension which leads to congestive 
heart failure (Cuervo et al. 2013; Ciuca et al. 2018).  
D. immitis is highly prevalent in United States, Canada, Mexico 
and Brazil. It has been reported that the prevalence of these 
parasites is much lower in colder climates as compared to 
warmer areas. For example, maximum prevalence of D. immitis 
in Canada has been reported to be 8.4% (Klotins et al. 2000). 
However, in United States, maximum prevalence of 40% has 
been reported (Lee et al. 2010). Similarly, the climate of 
Argentina is comparatively lower, and 74% prevalence has been 
observed in Argentina (Simon et al. 2012).  
Other Dirofilaria species such as D. repens, D. corynodes, D. 
conjuntivae, D. roemeri, D. tenuis and D. ursi have been 
sporadically reported in different countries (Vezzani et al. 
2017). D. repens reside in the subcutaneous tissue of the cats 
and dogs and has been reported in Italy, France, India, Sri-Lanka 
and South-east Asia. Unsheathed microfilariae of this parasite 
can be seen in blood and in lymphatic system. D. repens has also 
been found from the subcutaneous tissue of man. Similarly, D. 
conjuctivae has been found associated with hazelnut sized 
nodules on the head and upper eyelid of humans (Soulsby 
2005).  
 
Public Health Significance 
 
According to the World Health Organization, almost 120 
million people have been infected by these filarial worms. 
There are eight known reported species of filarial worms 
including Wuchereria (W.) bancrofti, Mansonella (M.) ozzardi, 
Brugia (B.) timori, Loa loa, Mansonella (M.) Streptocerca, 
Onchocerca (O.) volvulus, Mansonella (M.) perstans, Dirofilaria (D.) 
immitis, and Brugia (B.) malayi (Soulsby 2005). 
Filariasis exists in three forms such as lymphatic filariasis, 
subcutaneous filariasis and serous cavity filariasis based on the 
predilection sites of the parasite. Lymphatic filariasis is also 
called elephantiasis because in this condition, filarial worms 
block the lymphatic system and prevents the circulation of 

lymph. It leads to the fluid accumulation in the body extremities 
most likely in the arms and legs resulting in the enlargement of 
arms and legs. Lymphatic filariasis can also affect external 
genitalia of males and females. In males, it causes enlargement 
of scrotum due to which penis retract under the skin and 
become thickened and painful. Furthermore, spermatic cord 
become thickened and the infected males experience pain and 
burning sensation. In females, a tumorous mass covered with 
thick and ulcerated skin may develop between the legs and may 
be accompanied by lymphadenopathy of the legs. Moreover, 
enlargement of breasts is also very common in infected females 
(Fassari et al. 2021).  
Lymphatic filariasis is mostly caused by W. bancrofti, B. timori 
and B. malayi which are the most common pathogenic species 
of filarial worms. These parasites are associated with causing 
permanent disability in humans. Among 120 million infected 
people, W. bancrofti is responsible for 90% of infection, while 
B. malayi contributes only 10% (Ndeffo-Mbah et al. 2006). First 
case of elephantiasis (lymphatic filariasis) was reported in 
Korea in 1927 and known by several names like Soojongdari, 
Pijoeng, Pinaerim. Later, the infection goes on increasing and 
the infection rate goes to 12-26% by 1970. In 2012, another 
study was conducted in Korea to evaluate the main source of 
the disease in which Anopheles sp. and Culex pipiens were found 
the main vectors spreading these parasites in human population 
(Riches et al. 2020). 
In asymptomatic microfilaremia, clinical diagnosis is very poor 
and there may be acute episodes of adeno-lymphangitis 
(Alonso 2009). However, in chronic cases, swelling of limbs 
(elephantiasis) and hydrocele are the most typical signs in 
humans. Despite of no systematic data available in India, there 
were 20.32 million people showing symptoms of chronic 
filariasis among which male population contributed 79% 
(Ndeffo-Mbah et al. 2006). 
Onchocerciasis is another filarial disease which is also known 
as river blindness. Causative agent of this disease is O. volvulus 
which is transmitted by black fly of genus Simulium. Black flies 
breed near fast-flowing rivers and streams based on which it is 
called as river blindness. Onchocerciasis is the second leading 
cause of blindness throughout world and 0.5 million people 
were blind due to onchocerciasis. It mostly occurs in rural 
communities and cause permanent blindness. Microfilariae of 
Onchocerca can frequently be detected in skin snips of animals 
and humans but occasionally in blood streams with chronic 
infections. Global prevalence of onchocerciasis was estimated 
20.9 million in 2017 and 205 million people living in endemic 
areas were at risk of onchocerciasis (Thiele et al. 2016). 
Dirofilariasis is another zoonotic disease which is mostly 
present in dogs and cause heart disease, hence known as dog 
heart worm. Commonly known Dirofilaria species which are 
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zoonotic in nature include D. immitis and D. repens. In Thailand, 
several human cases of ocular filariasis were associated with D. 
immitis and D. repens. Furthermore, molecular analysis of ocular 
sample collected from a 67-year-old woman showed a new 
species of Dirofilaria named as D. hongkongensis (Dantas-Torres 
and Otranto 2020). 
Genus Mansonella includes nine filarial species, among which, 
M. ozzardi, M. perstans and M. streptocerca are well known 
zoonotic parasites. These parasites are transmitted by female 
Culicoide and reside in the skin of their host. However, their 
microfilariae can be found circulating in the peripheral blood. 
Recently, another new species called Mansonella sp. DUEX has 
been discovered from febrile children in Gabon. Clinical 
manifestation of these Mansonella is poorly defined, however, 
some common signs like joint pain, itching, lymphadenopathy, 
swelling, eosinophilia and vague abdominal pains can be 
observed in infected patients (Alhassan et al. 2016). 
 
Host immunity against Filariasis 
 
Helminth infections usually occur due to weaker immune 
system of the host or immune-compromised individuals. The 
condition becomes severe when parasite evade the immune 
system, residing in the body for a longer period and causes 
ineradicable infection. Lymphatic filariasis is usually 
characterized by elephantiasis, lymphedema and hydrocele. 
These conditions usually develop by Th-1 immune response 
which is characterized by elevated IFN-gamma, TNF-alpha and 
Th-17 cells. These cells induce vascular endothelial growth 
factor which leads to dysfunction of lymphatic system and 
cause lymphedema (Spencer et al. 2001; Grencis 2015). 
Helminths may differ from each other due to different types of 
glycoconjugates, but these molecules play a significant role in 
the development of Th-2 immune response. Likewise, T-cells 
are the main immune cells in filarial infections. Babu and 
Nutman (2014) observed that nude mice without T and B-cells 
were more susceptible to Brugian infection and concluded that 
T-cells are essential for complete eradication of lymphatic 
filariasis. Furthermore, macrophages attach to the microfilariae 
and secrete myeloperoxidase and nitric oxide, which ultimately 
kill the microfilariae (Kalyanasundaram et al. 2020).  
During filarial infection, the parasites damage the host tissue 
against which cytokines (IL-25, IL-33 and thymic stromal 
lymphopoietin (TSLP)) are released. These cytokines activate 
innate immune cells, particularly, lymphoid cells to secrete IL-
4, 5, 9, 10 and IL-13, which induce Th-2 immune response. 
Meanwhile, these innate immune cells also activate humoral 
immunity, which ultimately produce IgE, IgG4 in humans. 
However, IgG1 immunoglobulin has been observed in case of 
mice. Furthermore, localized eosinophilia and hyperplasia of 
goblet and mucosal mast-cells has been reported in filarial 
infections (Gurish et al. 2004; Bennuru et al. 2018). 
As far the cell-mediated response is concerned, Th-1, Th-2 and 
Treg cells also produce IL-10 (immune-regulatory cytokines) in 
human filariasis. Interestingly, the production of IFN-gamma 
and NO has also been reported to play role in protection 
against filariasis in mice which indicated that both the Th-1 and 
Th-2 immune responses are responsible for protection of 
filarial infection. Moreover, the production of immunoglobulins 
such as IgG, IgE and IgM is involved in anti-filarial antibody 
response. IgG helps in clearance of filarial nematodes from 
infected patients by inducing antibody dependent cell mediated 
cytotoxicity (Chauhan et al. 2018).  

In short, the Th-2 immune response is required against filariasis 
with minor contribution of Th-1 response and innate immune 
cells.  
 
Prevention and Control 
 
Almost 859 million people in 50 countries are at-risk of 
filariasis and need preventive chemotherapy. In response of 
filariasis, WHO has launched Global program to eliminate 
lymphatic filariasis (GPELF) in 2000 with two main objectives 
i.e., to stop the spread of disease with annual treatment of 
humans living in the endemic areas and to alleviate the suffering 
of filariasis. WHO started mass drug administration program 
(MDA) in endemic areas for population at risk. According to 
MDA regimens, albendazole (400mg) should be used twice a 
year in areas co-endemic with loiasis. However, in 
onchocerciasis endemic countries, ivermectin (200μg/Kg) must 
be added in combination of albendazole (400mg). Similarly, 
diethycarbamazine citrate (DEC: 6mg/Kg) with albendazole 
(400mg) are recommended for the areas free from 
onchocerciasis. Studies have shown that these combinations of 
drugs are very effective for almost all microfilariae of different 
filarial worms (Radwan et al. 2016).  
In case of Parafilaria infection in animals, it is very difficult to 
treat and control the infection due to the long period before 
the manifestation of infection. The drugs are less effective 
during this period. However, treatment with macrolytic 
lactones (ivermectin @ 200mcg/Kg) or nitrooxynil (20mg/Kg) 
at three days of interval can control Parafilariasis. Preferably, 
the infected animals should be treated 70 days prior to 
slaughtering to reduce the skin lesions. Similarly, virbac that 
contains 1% ivermectin and nitroxinil, can also be used to treat 
Parafilaria infection. Secondly, vector population i.e., Musca 
domestica can also be controlled on the farm to prevent 
Parafilaria infection (Diakou and Prichard 2021).  
Other preventive measures must include the cleaning of 
wounds and washing of infected limbs with lukewarm water to 
minimize the oedema and swelling. Good hygienic conditions, 
routine exercise and amputation of affected limbs should be 
implemented to minimize the suffering. Furthermore, another 
contributing measure in controlling the spread of infection is 
the control of vector mosquitoes and black flies. It provides the 
cheapest source of getting rid of filarial transmission and to 
stop the emergence and re-emergence of filarial infection all 
over the world. Insecticide-treated nets, indoor residual sprays 
can help humans in avoiding the mosquito bites (Ekong et al. 
2012). 
 
Nature Against Filarial Worms 
 
Nature plays a significant role in the transmission of filarial 
worms throughout their transmission dynamics. It is already 
known that a considerable temperature and high humidity are 
essential for the growth and survival of insect vectors. Despite, 
such conditions are also contributing factors for the 
development of filarial worms in the vector. Bancroft (1899) 
reported that 16-17 days are required for the development of 
filarial worms in their vector. Furthermore, it has been 
reported experimentally that the development of filarial worms 
in mosquitoes require two weeks under 27°C and 90% 
humidity. Furthermore, the complete cycle takes 10-14 days 
under high temperature and moisture, but it takes 6 weeks if 
the temperature is very low (Chandra 2008).  
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Another natural factor of limiting the filarial transmission is the 
lack of synchronization between the period of vector 
population density and transmission season. It has been 
reported that the vector density e.g., mosquitoes is very high 
in rainy seasons as compared to dry season i.e., winter and 
summer due to flooded breeding sites (De and Chandra 1994; 
Chandra 2008). On the other hand, the best time for the 
transmission of filarial worms in vector population in endemic 
areas is summer season and hot months of rainy season. 
Experiments have revealed that a sharp reduction happens 
naturally between the number of microfilariae ingested and the 
number of microfilariae developed in the mosquito. It means 
that not all the ingested microfilariae develop in L3 stage in the 
mosquitoes, rather some microfilariae may be damaged or 
deformed by the buccopharyngeal armature of the mosquitoes. 
Additionally, the microfilariae can be deformed in the body of 
vector due to change in temperature and humidity (Hati et al. 
1989; Chandra and Rudra 2006). 
Vector mortality is another hindrance factor of nature in the 
filarial transmission. It has been observed that all the 
microfilariae- infected mosquitoes cannot survive the period 
which is required for the development of L3 larvae (infective 
microfilariae) (Yamamoto et al. 1985). Different scientists have 
recorded varying degree of daily mortality rate in mosquitoes 
i.e., 14-47% in different areas of the world (Dryer et al. 2005; 
Chandra et al. 2006). Moreover, many scientists have recorded 
significantly higher prevalence of infection rate as compared to 
infectivity rate in an endemic area. It also indicates the 
substantive vector mortality in a given period (Holmes 1986; 
Chandra et al. 1996). 
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