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1. Introduction 

1.1. Filariae 

Filariae belong to the group of helminths, a collective term for 

multicellular parasitic organisms, mostly endoparasitic, that 

have at least two different cell types arranged in at least two 

layers. They are divided into flatworms (trematodes), 

tapeworms (cestodes) and roundworms (nematodes). 

According to World Health Organization (WHO) estimations, 

around two billion people were infected with helminths in 2020. 

Infections with soil-transmitted helminths (STH), such as 

Ascaris lumbricoides, Trichuris trichiura, Ancylostoma 

duodenale and Necator americanus, and certain parasitic 

filariae, like Onchocerca volvulus, Wuchereria bancrofti, Brugia 

malayi and Brugia timori, are among the neglected tropical 

diseases (NTDs) which mainly affect people in sub-Saharan 

Africa. Filariae belong to the group of nematodes and the 

Onchocercidae family. Filariae are transmitted by vectors and 

can cause various diseases in humans. The most common 

infectious agents of the Onchocercidae family are the genera 

Ochocerca volvulus, Brugia malayi, Wuchereria bancrofti, Loa 

loa and Mansonella perstans, although the latter two are not 

currently classified as NTDs. Human-pathogenic filariae are 

large thread-like worms, several centimeters long, that can 

cause severe pathologies or asymptomatic infections. The life 

cycles of the different human pathogenic parasitic filarial 

nematodes share several similarities. Figure 1 (Fig. 1) 
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exemplary illustrates the life cycle of Brugia malayi. The 

infective third larval stage (L3) is transmitted by an arthropod 

vector, a mosquito, through its bite into the skin or blood vessels 

of the host. The type of vector, the L3 migration route and the 

location of the adult worms differ depending on the filarial 

species.  

Fig. 1: Life cycle of Brugia malayi as an example for human filariasis (1)  

 

For example, Simulium spp. transmit L3 larvae of O. volvulus. 

These migrate into the subcutaneous tissue, where they mature 

into adult worms which live in nodules under the skin for 9-11 

years. This is where male and female worms mate. After 

mating, the female releases the progeny, first larval stages (so-

called microfilariae, MF), into the skin. MF are taken up by the 
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next simulid blood meal and develop into infective L3 in the 

vector's midgut, thus completing the cycle. In 2017, an 

estimated 21 million people were infected with O. volvulus. 

Onchocerciasis, also known as river blindness, can lead to 

dermatitis, visual impairment and vision loss, resulting in 

significant disability-adjusted life years (DALYs). M. perstans, 

on the other hand, is transmitted by Culicoides spp. and can 

colonize various parts of the body. An estimated 120 million 

people are infected, but mostly subclinical. Remarkably, both 

M. perstans and O. volvulus harbor symbiotic Wolbachia 

bacteria, which are crucial for their development, fertility and 

survival. These Wolbachia specimen are targeted and killed by 

treatment with antibiotics, such as doxycycline, to ensure a 

long-term reduction in the filarial population (2ï5). However, 

this treatment is rather long-lasting with 4-6 weeks. Of note, 

infections with L. loa, the causative agent of loiasis are not 

druggable by antibiotics since this filarial species does not 

contain Wolbachia specimen. It is transmitted by horseflies of 

the genus Chrysops. The adult L. loa worms live in the 

subcutaneous and connective tissue and release MF into the 

blood during the day. The disease is mainly endemic in sub-

Saharan Africa. In 2011, around 14 million people were infected 

(6), and recent studies have shown that the mortality rate 

among infected people is considerably high (7). Lymphatic 

filariasis (LF), caused by Brugia spp. and W. bancrofti, with an 

estimated 51.4 million cases in 2018, is transmitted by 
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mosquitoes (8). The adult worms live in lymphatic vessels, while 

MF are circulating in the blood at night. The consequences of 

the disease can include hydrocele, lymphoedema and 

elephantiasis. The distribution of different filarial infection varies 

by species, with onchocerciasis, loiasis and mansonellosis 

occurring mainly in sub-Saharan Africa, while LF has a wider 

distribution and is also actively transmitted in South America 

and Southeast Asia. 

 

 

1.1.1.  Onchocerciasis and Lymphatic filariasis 

Onchocerciasis is an NTD, commonly known as river blindness, 

caused by the filarial nematode Onchocerca volvulus. The 

disease is transmitted through bites of infected black flies of the 

genus Simulium, which breed in fast-flowing rivers and streams. 

When an infected black fly bites a human, it injects O. volvulus 

third larvae into the skin. These larvae migrate and mature into 

adult worms, which can live for years in subcutaneous tissues, 

forming nodules. The adult worms produce thousands of MF, 

which migrate throughout subcutaneous tissues and eventually 

through the cornea and other parts of the eye, causing a range 

of symptoms. The hallmark symptom of onchocerciasis is 

severe itching, particularly of the skin. Over time, MF death can 

lead to dermatitis in 47.8 % of patients (9), accompanied by skin 

alterations including thickening, depigmentation and nodules. In 

extreme cases, skin lesions can develop into large wounds 
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causing scars. This clinical picture is known as Sowda (Fig. 2) 

and occurs in a small number of infected patients (10). In some 

cases, MF migrate to the eyes, causing inflammation of the 

cornea and other ocular structures, which can ultimately lead to 

visual impairment or blindness (11). 

 

 

Fig. 2: Papular dermatitis during onchocerciasis. (A) Hyperpigmentation and 

lichenification, (B) leopard skin and (C) unilateral hyperreactive onchodermatitis 

(left leg), termed sowda. (12) 

 

Fig. 3: Onchocerciasis-driven sclerosis of the cornea. (A) Onset of cornea 

sclerosis and (B) advanced sclerosing keratitis leading to vision loss (12) 
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LF, also known as elephantiasis, is a NTD caused by the filarial 

nematodes Wuchereria bancrofti, Brugia malayi, and Brugia 

timori. LF is transmitted by mosquitoes - particularly species of 

the genera Culex, Anopheles, Aedes, and Mansonia - 

depending on their regional distribution (13). 

LF is endemic in more than 70 tropical and subtropical 

countries. Globally, over 51.4 million people are currently 

infected, and approximately 657 million people are at risk of 

infection (14,15). Of the causative agents, W. bancrofti is 

responsible for approximately 90% of all cases, while B. malayi 

and B. timori account for the remainder, primarily in South and 

Southeast Asia (16). 

When an infected mosquito bites a person, it injects L3 larvae. 

These larvae enter the lymphatic vessels, where they mature 

into adult worms within a period of 6 to 12 months. Adult worms 

can survive for 6ï8 years (Brugia spp.) or up to 10 years (W. 

bancrofti) and produce millions of MF that circulate in the 

peripheral blood, often showing nocturnal periodicity (17). 

The presence of adult worms causes lymphatic vessel 

dilatation, inflammation, and eventually obstruction, leading to 

lymphoedema, swelling of the limbs (Fig. 4), and, in males, 

hydrocele (Fig. 5) - a fluid accumulation in the male scrotum.  
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Fig 4: Different clinical stages of lymphedema of LF patients. Staging was 

performed according to Dreyer et al. (2002), based on the presence of swelling, 

skin folds, knobs and mossy lesions. (A) Stage 2 right leg, (B) stage 3 left leg, 

(C) stage 4 left leg, (D) stage 5 right leg and (E) stage 6 left leg. (12).  

 

 

 

In advanced cases, chronic inflammation and fibrosis lead to 

elephantiasis, characterized by severe swelling and thickening 

of the skin (18). 

The immune response during LF is dynamic and highly 

regulated. During acute infection, the immune system mounts a 

type 1-mediated inflammatory response with elevated levels of 

distinct cytokines, such as interferon-gamma (IFN-ɔ) and tumor 

necrosis factor (TNF). However, the chronic presence of adult 

Fig. 5: Hydrocele of a W. 

bancrofti-infected man 

being prepared for 

hydrocelectomy (circa 

25 million people 

infected) (12) 

 



 

 
16 

worms leads to a downregulation of immune responses to avoid 

excessive tissue damage. This is achieved by the activation of 

regulatory T cells (Tregs) and the release of anti-inflammatory 

cytokines, particularly interleukin-10 (IL-10) and transforming 

growth factor-beta (TGF-ɓ). These molecules suppress pro-

inflammatory responses and help to prevent acute pathology 

but also to allow the parasites to evade host immunity and to 

persist for years (19). In some cases, the immune system 

overreacts - especially in response to dying worms ï thereby 

causing chronic inflammation, lymphatic damage, and tissue 

fibrosis, which are hallmarks of the clinical disease (20).  

Both onchocerciasis and LF are considered NTDs that 

disproportionally affect impoverished communities in tropical 

and subtropical regions. Control and prevention strategies for 

these diseases include mass drug administration with 

antiparasitic medications, vector control measures, and efforts 

to improve sanitation and access to healthcare. 

 

 

1.1.2. Litomosoides sigmodontis 

Litomosoides sigmodontis is a filarial nematode that naturally 

infects cotton rats (Sigmodon hispidus) and, like the human 

pathogenic nematodes described above, belongs to the 

Onchocercidae family. This species serves as a model 

organism for the study of human filarial infections, such as 

onchocerciasis and LF. L. sigmodontis is transmitted by the 
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tropical rat mite Ornithonyssus bacoti (for the life cycle please 

refer to Fig. 6). After the bite of the mite, infective L3 larvae of 

L. sigmodontis migrate through the skin and lymphatic system 

into the pleural cavity of its rodent host. In other susceptible 

rodents, such as mice or jirds, the larvae of L. sigmodontis 

develop into adult worms approximately 25-30 days after 

infection. Adult worms mate and produce MF, which can be 

found in the peripheral blood of the final hosts from ~ 50 days 

after infection. For transmission, MF are taken up during the 

blood meal by another rat mite, where they develop into 

infective L3 larvae. This model system allows researchers to 

study host-parasite interactions throughout the entire life cycle. 

This helps to study immune responses and mechanisms of 

filarial infections in more detail. Studies on L. sigmodontis 

infections have contributed significantly to our understanding of 

helminth-induced type 2 immune responses, immune 

regulation, parasite biology and potential therapeutic 

interventions against filarial diseases (21ï26). 
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Fig. 6: Life cycle of Litomosoides sigmodontis (26)  

 

 

1.2. Protective immunity against filarial infections 

Protective immunity against filarial infections is primarily 

mediated by a type 2 immune response, which plays a central 

role in host defense against helminths (27,28). The immune 

profile is characterized by the activation of T helper 2 (Th2) cells 

and the release of cytokines like interleukin-4 (IL-4), IL-5, and 

IL-13. These cytokines orchestrate a complex immune cascade 

involving eosinophils, mast cells, and the production of 
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immunoglobulin E (IgE), all of which contribute to the defense 

against parasitic worms (29,30). IL-5 promotes the 

differentiation, recruitment, and activation of eosinophils, which 

release cytotoxic granules like major basic protein (MBP) and 

eosinophil cationic protein (ECP), damaging the cuticle of the 

parasites (31,32). IL-4 and IL-13 stimulate B cells to produce 

IgE and contribute to tissue remodeling and increased mucus 

production, which may assist in mechanical clearance of 

parasites in the gastrointestinal tract (33ï36). Although such 

responses are effective in reducing worm burden, protective 

immunity is often insufficient, and reinfection remains a 

common outcome, particularly in endemic areas (27). 

In addition to Th2 cells, group 2 innate lymphoid cells (ILC2s) 

have emerged as key players in the early phase of helminth 

infections (37ï39). These cells rapidly produce IL-5 and IL-13 

in response to epithelial-derived alarmins, such as IL-25, IL-33, 

and thymic stromal lymphopoietin (TSLP), released during 

tissue damage caused by migrating larvae. ILC2s are 

particularly important in mucosal tissues, where they contribute 

to the recruitment of eosinophils, goblet cell hyperplasia, and 

smooth muscle contraction. This innate response not only 

assists in the early containment of the parasite but also supports 

the development of adaptive Th2 immunity (37,40,41). 

Filarial parasites, however, are especially adept in modulating 

host immune responses to promote chronic infection. Unlike 

gastrointestinal helminths which are expelled relatively quickly, 
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filarial nematodes like W. bancrofti, O. volvulus, and L. loa can 

persist in the human host for years, often with minimal 

pathology (10,20,42,43). This persistence is partly based on the 

parasites' ability to induce regulatory immune responses. 

Filariae stimulate the expansion of Tregs and the production of 

anti-inflammatory cytokines, such as IL-10 and TGF-ɓ. These 

mediators suppress type 2 effector functions and limit 

inflammation, thereby allowing the parasite to evade immune 

reactions and killing. The dampened immune activation reduces 

tissue pathology, but at the cost of ineffective parasite clearance 

(10). 

In many filarial species, the presence of intracellular bacterial 

endosymbionts of the genus Wolbachia plays a critical role in 

immune modulation and disease progression. Wolbachia 

endosymbionts are essential for the survival and reproduction 

of several filarial nematodes, including W. bancrofti and O. 

volvulus. Antigens derived from Wolbachia can trigger strong 

innate immune responses and are believed to contribute to the 

inflammatory pathology seen in diseases like lymphatic filariasis 

and onchocerciasis (43ï45). Notably, depletion of Wolbachia 

through antibiotic treatment - most effectively by doxycycline - 

leads to sterility in adult female worms and a gradual reduction 

in microfilarial load. This approach not only targets the parasite 

indirectly but also appears to shift the host immune response 

toward a more effective profile for parasite elimination (43). 
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Despite these immune mechanisms, natural immunity to filarial 

parasites is often insufficient for complete protection, and 

individuals in endemic areas may harbor adult worms and MF 

for decades without developing overt disease. This coexistence 

is a hallmark of helminth-induced immunoregulation and 

presents a significant challenge for vaccine development. An 

effective vaccine would need to enhance protective type 2 

responses while circumventing the regulatory environment 

established by the parasite. Understanding the fine balance 

between immune activation and suppression in filarial infections 

is crucial for developing targeted therapies and for designing 

immunomodulatory interventions that can achieve long-term 

protection. 

In conclusion, protective immunity against filarial infections 

involves a multifaceted interplay of innate and adaptive type 2 

immune responses, with critical contributions by Th2 cells, 

ILC2s, eosinophils, and IgE-mediated mechanisms. However, 

the capacity of filarial parasites to manipulate host immunity 

through several regulatory pathways and by symbiotic bacteria 

underscores the complexity of achieving sterile immunity. 

Continued investigation of these host-parasite interactions is 

essential for the development of vaccines and immunotherapies 

that can break the cycle of chronic filarial disease. 
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1.2.1.  Type 2 immunity 

To combat helminth infections, the host typically mounts a type 

2 immune response, which is initiated by alarmins, such as 

TSLP, IL-25, and IL-33, released by epithelial cells in response 

to tissue damage or parasite components (27). Distinct cell 

types of the immune system, like dendritic cells, alternatively 

activated macrophages (AAMs) and epithelial cells, recognize 

invading pathogens and trigger the release of alarmins (46ï48). 

The second phase of the immune response involves Th2 cells 

activation. Therefore, dendritic cells process and present 

helminth antigens to naive T cells in the lymph nodes, which 

then differentiate into Th2 cells (46ï48). These Th2 cells 

produce key type 2 cytokines, such as IL-4, IL-5, IL-9, IL-10, IL-

13, IL-21, and IL-25, which regulate various immune functions 

(49ï51). IL-4 promotes the differentiation of B cells and induces 

the production of IgE, immunoglobulin G (IgG1) (in mice), and 

IgG4 (in humans). IgE binds to parasites and to the surface of 

basophils and mast cells, which degranulate upon antigen 

recognition, releasing inflammatory mediators like histamine 

and leukotrienes (42). This leads to local inflammation, aiding 

in the defense against the parasites. IL-5 activates eosinophils, 

which release cytotoxic substances like MBP, eosinophil 

peroxidase (EPO) and ECP, all of which can directly damage 

and kill helminths (52). IL-13 promotes mucus production by 

goblet cells and increases intestinal peristalsis, aiding the 

mechanical expulsion of intestinal worms. IL-9 and IL-10 help to 
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maintain a balanced Th2 response thereby circumventing 

excessive inflammation, while IL-21 promotes antibody 

production (53ï56). Chemokines, such as eotaxines, 

orchestrate the recruitment and activation of granulocytes like 

eosinophils, mast cells, and basophils, all key players in anti-

helminth immune responses. In an IL-4-dominated 

environment, macrophages shift towards an alternatively 

activated phenotype, producing factors like arginase 1 and 

resistin-like molecule Ŭ (RELMŬ) (57ï59). These AAMs play a 

critical role in tissue repair, wound healing, and parasite 

expulsion. RELMŬ also induces collagen production, which can 

limit tissue damage induced by migrating larvae (28,58). 

Additionally, IgG1 and IgG4 antibodies enhance immune 

responses by opsonizing parasites for phagocytosis and 

triggering respiratory burst mechanisms in immune cells 

through FcɔR binding (60). The immune system balances 

inflammation and healing through IL-10 and TGF-ɓ, which 

promote tissue remodeling, collagen deposition, and 

suppression of inflammation (61,62). This ensures that - while 

the parasites are being eliminated - tissue damage is 

minimized, and healing is promoted. Finally, the development 

of memory T and B cells ensures a faster and more effective 

immune response during re-infections, providing long-term 

protection (28). 

The specific manifestation of type 2 immunity can vary 

depending on the host-parasite combination. During a variety of 
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filarial infections, an increase in eosinophils was observed, 

which are thought to support protective immune responses. 

In the Litomosoides sigmodontis-infected mouse model, a 

robust type 2 immune response is observed. Eosinophils are 

prominently recruited to infection sites (63), where they release 

cytotoxic granules containing MBP, EPO, and ECP, contributing 

to parasite clearance (64,65). Additionally, eosinophils have 

been identified as a significant source of IL-4 during the early 

phases of infection, thereby further amplifying the Th2 response 

(63). This cytokine milieu promotes the differentiation of AAMs, 

which express markers like arginase-1 and RELMŬ, aiding in 

tissue repair and parasite expulsion (63).  

Human infections with W. bancrofti, the causative agent of 

lymphatic filariasis, also elicit a type 2 immune response. 

Patients exhibit elevated levels of IL-4, IL-5, IL-10, and IL-13, 

along with increased IgE and IgG4 antibodies. Eosinophilia is a 

common feature, and eosinophils contribute to parasite control 

through degranulation. Interestingly, studies have identified two 

subsets of Th2 cells in infected individuals: one subset that 

produces IL-4 and IL-13, and another one which releases IL-4, 

IL-5, and IL-13. The latter subset is associated with higher 

eosinophil counts, suggesting a more potent effector function 

(66).  

Human infections with B. malayi, another filarial parasite 

causing lymphatic filariasis, similarly induce a type 2 immune 

response. Patients exhibit elevated IL-4, IL-5, and IL-13 levels, 
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along with increased IgE and eosinophil counts (67). These 

immune components work synergistically and are suggested to 

control parasite burden and mediate tissue repair mechanisms.  

In O. volvulus infections of humans, responsible for 

onchocerciasis / river blindness, a type 2 immune response is 

also predominant. Affected individuals display increased levels 

of IL-4, IL-5 and IL-13, along with elevated IgE concentrations. 

Eosinophils infiltrate nodular lesions, releasing cytotoxic 

granules, such as MBP, ECP, EPO, and EDN (68), that were 

shown to damage both parasites and host tissues, contributing 

to the pathology observed in chronic infections (21). 

In the veterinary field, infections with Dirofilaria repens in dogs 

also elicit a pronounced type 2 immune response. In naturally 

infected dogs, an elevated expression of Th2-associated 

genes, including GATA3, STAT6, and IL-13 was found (69). 

These markers indicate a skewing towards a type 2-dominated 

response, characterized by increased eosinophil activity and 

IgE production. Notably, the expression of IL-10, a regulatory 

cytokine, was also observed, suggesting a mechanism to 

balance the immune response and prevent excessive 

inflammation. This Th2-biased immunity is suggested to play a 

crucial role in controlling the parasite while mitigating tissue 

damage (70).  

Dirofilaria immitis, the causative agent of canine heartworm 

disease, equally induces a type 2 immune response. Previous 

studies have demonstrated that dogs with patent infections 
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exhibit higher levels of type 2 cytokines, such as IL-4 and IL-10, 

compared to uninfected controls. Additionally, the presence of 

the endosymbiont bacterium Wolbachia within D. immitis may 

further modulate the host's immune response and facilitate 

parasite survival (71ï73).  

In cattle, Onchocerca ochengi infections naturally occur and 

serve as a model for human onchocerciasis. Infected cattle 

develop a type 2 immune response, characterized by elevated 

levels of IL-4, IL-5, and IL-13, along with increased eosinophil 

counts. These cytokines and effector cells contribute to the 

containment of the parasite and limit tissue damage. 

Interestingly, the immune response in cattle also includes 

regulatory components, such as IL-10, which help to modulate 

inflammation and prevent excessive tissue pathology (74).  

Taken together, type 2 immunity represents a conserved and 

essential defense mechanism across diverse hostïfilaria 

systems. By the activation of Th2 cells and cytokine-mediated 

recruitment of effector cells like eosinophils, this response 

facilitates parasite control and tissue repair. Its effectiveness, 

however, varies by hostïparasite combination and depends on 

a well-regulated balance between immune activation and 

regulation to avoid tissue damage. 
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1.2.2.  Eosinophils and their effector mechanisms 

Eosinophils are specialized white blood cells that play a crucial 

role in immune responses, particularly during parasitic helminth 

infections and allergic reactions. These cells contain granules 

in the cytoplasm, which store cytotoxic enzymes, toxins, and 

proteins essential for their effector functions (21). When 

eosinophils are activated, e. g. by IL-5, they release granule 

contents, leading to cytotoxic effects on pathogens and 

contributing to immune defense mechanisms (75,76). 

Eosinophils combat parasitic infections through various 

mechanisms that involve the release of toxic proteins. MBP 

disrupts the membranes of parasites, leading to their 

destruction (77). EPO generates reactive oxygen species 

(ROS), which pose significant damage on pathogens (31). 

Additionally, ECP and Eosinophil-Derived Neurotoxin (EDN) 

further contribute to membrane damage and impair parasite 

viability (31,78,79). Apart from releasing toxic proteins, 

eosinophils also play a role in antibody-dependent cell-

mediated cytotoxicity (ADCC). By binding to parasites coated 

with IgE and IgG, eosinophils release their granules, causing 

damage or even death of the parasites. Furthermore, the 

production of ROS enhances their ability to disrupt the structural 

integrity of pathogens (80ï82).  

Eosinophils show notable numerical and functional changes 

during filarial infections. In patients with Tropical Pulmonary 

Eosinophilia (TPE) caused by W. bancrofti or B. malayi, 
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peripheral eosinophil counts can exceed 3,000/ɛL and may 

reach up to 80,000/ɛL during acute phases (83,84). 

Interestingly, these counts often exhibit diurnal variation, being 

lower at night when symptoms like coughing are more severe, 

possibly due to eosinophil sequestration in lung tissue (85).  

Post-treatment dynamics also highlight the immunological role 

of eosinophils. Following diethylcarbamazine (DEC) therapy 

against W. bancrofti, eosinophil counts initially drop due to 

tissue migration, then rebound within 24 hours, correlating with 

inflammatory responses (86).  

In M. perstans infections, eosinophil responses appear more 

modest. A case study reported eosinophil counts of 3% pre-

treatment, decreasing to 1% post-therapy, indicating a mild but 

present eosinophilic response (87). 

Beyond their direct cytotoxic functions, eosinophils also play a 

regulatory role in immune responses by producing and 

releasing cytokines, such as IL-4, IL-5, IL-13, and TGF-ɓ. These 

cytokines promote a type 2 immune response, which is 

essential for combating helminth infections (28). Additionally, 

eosinophils express class II major histocompatibility complex 

(MHC) and co-stimulatory molecules, enabling them to present 

antigens to T cells, thereby linking innate and adaptive immune 

responses (88). Furthermore, eosinophils interact with other 

immune cells, such as mast cells (89), basophils (90), and 

macrophages by releasing mediators that modulate immune 

responses (91). These interactions contribute to the 
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coordination and amplification of immune defense mechanisms, 

ensuring a comprehensive response to parasitic infections. 

The interaction between eosinophils and filariae, including 

microfilarial stages, plays a significant role in disease 

progression. These interactions can have both protective and 

pathological consequences (21). On the one hand, eosinophils 

contribute to parasite elimination through ADCC-mediated 

killing and ROS-induced damage (80ï82,92). Eosinophil-

mediated activation of Type 2-driven immune responses also 

aids in controlling parasite survival. On the other hand, 

excessive eosinophil activation and degranulation can lead to 

harmful effects, such as inflammation and tissue damage (21). 

This may contribute to clinical manifestations like lymphedema 

and skin lesions (93). Additionally, chronic eosinophil activity 

promotes fibrosis through collagen deposition, leading to long-

term tissue dysfunction and structural damage (94). 

Overall, eosinophils play a dual role in immune defense, 

providing protection against parasitic infections while also 

contributing to immune-mediated tissue damage when 

excessively activated. Their involvement in filarial infections 

underscores the complexity of their interactions with both 

pathogens and the host immune system. A more detailed 

understanding of these mechanisms is essential for developing 

targeted therapies that optimize the protective functions of 

eosinophils while minimizing their harmful effects. 
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1.2.3.  ETosis 

Granulocytes, including eosinophils, possess an effector 

mechanism known as ETosis ð short for extracellular trap-

mediated cell death, which is distinct from apoptosis and 

necrosis (95). Initially observed in neutrophils, this process 

entails the explosive release of intracellular DNA into the 

extracellular environment, thereby entangling pathogens and 

delivering antimicrobial peptides. As triggered by various 

pathogens and stimuli, the process of ETosis involves DNA 

decondensation, membrane collapse, and the release of DNA 

mixed with antimicrobial peptides, aiding in trapping and killing 

invading organisms (96ï98). The mechanism of ETosis follows 

a structured sequence of cellular events. Upon cell activation, 

chromatin within the eosinophil nucleus begins to decondense, 

driven by intracellular signaling cascades initiated by specific 

triggers. This step is crucial for the unraveling of nuclear DNA, 

making it available for extracellular release. Triggering signals 

include adhesion of various stimuli, pathogens or mediators to 

substrates, as ETosis is strongly enhanced by integrin-

mediated adhesion, and stimulation through cytokines (IL-5, 

IL-33), immune complexes (IgG, IgA), bacterial or fungal 

components (e.g., LPS, zymosan), and pharmacological 

agents like PMA and calcium ionophore ionomycin. Recent 

insights into ETosis mechanisms have highlighted two distinct 

but potentially overlapping pathways: the NADPH oxidase 

(NOX)-dependent and the Ca²ϕ-dependent route (99). The 
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NOX-dependent pathway is characterized by ROS production 

at the plasma membrane via NADPH oxidase activation. In 

neutrophils, this leads to the release and nuclear translocation 

of neutrophil elastase, which facilitates histone cleavage and 

chromatin unfolding (100,101). 

In eosinophils, ROS similarly support PAD4 activation, which 

catalyzes histone citrullination, weakening DNA-histone 

interactions and promoting chromatin decondensation 

(102,103). Conversely, Ca²ϕ-ionophores such as ionomycin 

trigger mitochondrial ROS generation and PAD4 activation 

independently of NOX, underscoring the flexibility of the 

ETosis process in response to different stimuli (99). 

Furthermore, recent findings demonstrate that viable 

microfilariae induce eosinophil ETosis (EETosis) through 

pattern recognition receptor signaling and inflammasome 

activation (104,105). Specifically, dectin-1 recognition of 

microfilarial components leads to activation of the AIM2-

canonical inflammasome in a pathway dependent on caspase-

1, ASC, and gasdermin D (106). This mechanism, analogous 

to inflammasome-driven NETosis in neutrophils, highlights a 

convergent inflammatory platform that facilitates chromatin 

release in response to helminth infection. Following chromatin 

decondensation, the nuclear envelope disintegrates in a 

controlled manner, distinct from necrosis, allowing the 

expanded chromatin to mix with cytoplasmic components. At 

this stage, the cell undergoes plasma membrane rupture, and 
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the decondensed DNA, often decorated with intact granules, is 

extruded into the extracellular space. In eosinophils, this 

process may include both nuclear and mitochondrial DNA 

release. Mitochondrial ETosis (mtETosis) is thought to enable 

a faster, ROS-dependent extracellular DNA response without 

causing immediate cell death, maintaining some cytoplasmic 

integrity (99). Eosinophils can release mitochondrial DNA in 

response to specific stimuli, often without undergoing cell 

death, a process referred to as óvital ETosisô. While this 

phenomenon is characteristic of eosinophils, it has also been 

observed in neutrophils under certain conditions, though less 

commonly (99,100). Different cell types like eosinophils, 

basophils, and mast cells, respond via ETosis to pathogens, 

antibodies, and pathogen-derived products. Triggers like PMA, 

zymosan, calcium ionophore, IgG, IgA, and cytokines (e. g. IL-

5, IL-33, IFNɔ) induce ETosis in eosinophils (95,101ï103). The 

source of ETosis-derived extracellular DNA remains debated, 

with some suggesting mitochondrial DNA release and others 

proposing chromatin decondensation and nuclear envelope 

disaggregation (104,105). Neutrophil and eosinophil 

extracellular traps differ structurally and in content. NETs 

consist of decondensed nuclear chromatin coated with 

granule-derived and cytosolic proteins like neutrophil elastase 

(NE) and myeloperoxidase (MPO) (98,106). This loose, 

protein-decorated DNA matrix remains accessible to 

nucleases and is rapidly degraded in vivo, a process that aids 
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in resolving inflammation. In contrast, eosinophil extracellular 

traps (EETs) are structurally more compact and are enriched 

with intact eosinophilic granules. These granules contain 

cytotoxic proteins like EPO, MBP, and ECP, enhancing the 

antimicrobial activity. Importantly, EETs show significantly 

lower proteolytic activity and higher resistance to nucleases 

than NETs, allowing them to persist longer in tissue 

environments (103). The low protease content and dense 

chromatin packing in EETs ð along with limited endogenous 

DNase activity ð contribute to their increased stability and 

prolonged presence in inflamed tissues. This can be beneficial 

for pathogen control but may also perpetuate inflammation in 

chronic diseases such as asthma (99,107). Additionally, 

Eosinophil-released, mitochondria-derived DNA tends to be 

more condensed and resistant to enzymatic degradation. 

Because EETs contain fewer endogenous nucleases and lack 

the aggressive proteolytic remodeling found in NETs, they are 

more persistent and less easily degraded by DNases (99,108). 

These differences contribute to the prolonged stability and 

pathogen-trapping function of eosinophil extracellular traps, 

even though EETs may also exacerbate tissue inflammation in 

a chronic disease context.  
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1.2.4.  Eosinophile Peroxidase and Major Basic Protein 

The EPO and MBP, along with EDN and ECP, are important 

granular components that can be released during ETosis. EPO 

generates ROS by catalyzing the oxidation of halides and 

pseudohalides in the presence of hydrogen peroxide (75). This 

process produces hypohalogenous acids which own 

antimicrobial properties and can damage pathogens. In allergic 

reactions and inflammatory conditions, EPO can lead to tissue 

damage by promoting oxidative stress and inflammation (109). 

MBP makes up about half of the granules of eosinophils (110). 

It plays a crucial role in the defence of parasitic infections, 

especially helminths. MBP is toxic to parasites and can affect 

membranes, leading to their destruction (77). In addition to its 

antiparasitic effect, MBP is also involved in inflammatory 

reactions and tissue damage associated with allergic diseases, 

such as asthma and allergic rhinitis (68). MBP can activate mast 

cells and basophils, promoting the release of histamine and 

other inflammatory mediators, thereby contributing to allergic 

reactions (111,112). Both EPO and MBP are essential 

components of the eosinophil arsenal against pathogens.  

 

 

1.2.5.  The role of eosinophils and their effector 

mechanisms in filarial infections   

In the context of filarial infections, eosinophils contribute to 

immune defense not only through cytotoxic granule release and 
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cytokine production, but also via the formation of extracellular 

traps. ETosis is nowadays recognized as a common effector 

mechanism of innate immune cells that also is utilized by 

eosinophils in response to parasites. EETs have been shown to 

entrap MF, limiting their movement and facilitating immune-

mediated killing. These traps are composed of DNA fibers 

decorated with granule proteins such as EPO, MBP, and ROS, 

which can damage both MF and adult filariae (68,95,103,113). 

Studies in the L. sigmodontis mouse model demonstrated that 

mice lacking EPO or MBP show significantly higher worm 

burdens, highlighting the crucial role of these granule proteins 

in parasite control (64). Similarly, eosinophil-mediated 

cytotoxicity has been documented in B. malayi infections, where 

eosinophils contribute to parasite clearance through both 

granule release and ADCC. However, the absence of a single 

granule component in these models often only partially impairs 

parasite killing, suggesting that eosinophils employ multiple 

mechanisms (114). 

Eosinophils also play a crucial role in O. volvulus infections, 

where the death of MF in the skin and cornea can lead to 

dermatitis and vision loss, respectively.                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Although neutrophils are primarily associated with ocular 

pathology in onchocerciasis, eosinophils have been shown to 

infiltrate infection sites following stimulation by Wolbachia-

derived products (115,116). In vitro studies revealed that 

eosinophil products like MBP and ECP can damage corneal 
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cells, suggesting a pathological role in vision loss (117). 

Interestingly, hyper-reactive onchocerciasis patients, who 

exhibit strong immune responses against MF, display 

significantly higher ECP levels and suffer from severe 

dermatitis, despite having low or absent MF counts in the skin 

(51). This indicates a pivotal role of eosinophil-driven 

inflammatory responses in these individuals. 

Moreover, during treatment with the microfilaricidal drug DEC, 

patients often experience inflammatory reactions known as 

Mazzotti reactions, characterized by extensive eosinophil 

infiltration and coating of dead MF with MBP (118). In contrast, 

ivermectin treatment leads to eosinophil accumulation in 

regional lymph nodes, along with elevated levels of ECP and 

EPO, highlighting the dynamic response of eosinophils to 

different therapeutic agents (119). 

In Loa loa infections, eosinophils are implicated in both 

protective and pathological responses (120). Treatment with 

ivermectin and DEC is associated with increased eosinophil 

activation and infiltration into affected tissues, including the 

brain, where severe complications like encephalitis can occur. 

Studies in hyper-microfilaremic baboons showed that 

eosinophils and macrophages block capillaries in the brain 

parenchyma, causing microvascular damage (121). 

Interestingly, temporary residents in endemic regions exhibit 

stronger eosinophilic responses compared to locals, correlating 

with symptoms like Calabar swelling (122). Furthermore, in W. 
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bancrofti infections, eosinophils are key players in the 

pathogenesis of TPE, a hypersensitivity reaction directed 

against MF trapped in the lungs. Here, eosinophil accumulation 

and degranulation contribute to airway inflammation, tissue 

damage, and elevated eosinophil counts - sometimes 

exceeding 80,000 eosinophils/ɛL in peripheral blood (83). The 

detrimental role of eosinophils is further supported by murine 

models that mimic TPE, where MF entrapment in lung tissue 

leads to pronounced eosinophilic infiltration and exacerbating 

inflammation (123,124). Eosinophils also regulate immune 

responses through the release of cytokines such as IL-4, IL-5, 

and IL-13, which drive type 2 immunity (28). Additionally, 

eosinophils function as antigen-presenting cells by expressing 

MHC class II and co-stimulatory molecules bridge innate and 

adaptive immune responses. Their interactions with mast cells, 

macrophages, and other leukocytes further shape the local 

immune environment during infection (112,113).  

Interestingly, in O. ochengi natural infections, cattle show a 

dominance of neutrophils within nodules, while eosinophils only 

infiltrate these sites upon the depletion of Wolbachia 

endosymbionts (125,126). This suggests that Wolbachia may 

play a protective role for adult worms by preventing eosinophil-

mediated damage. In O. lienalis mouse models, eosinophils are 

essential for protective immunity upon secondary exposure to 

MF, demonstrating their role in adaptive immune responses 

(127). 
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Although EETs are efficient in trapping and damaging parasites, 

their stability and resistance to DNase-mediated degradation - 

due to the presence of intact granules and low proteolytic 

activity - may also prolong local inflammation (95). This 

persistence can exacerbate tissue fibrosis, particularly in 

chronic infections. Thus, eosinophils play a dual role: they 

contribute to protective immunity against filariae but also to the 

development of filarial pathology when dysregulated (21). 
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