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Abstract 

Filarial parasites are long-lived organisms that cause extreme morbidity due to pathological 

manifestations, including lymphedema, hydrocele, and elephantiasis. Understanding the hosts’ 

immune responses to filarial parasites is crucial to developing new and effective anti-filarial 

treatments. The review thoroughly examines and summarizes immunological modulation, evasion 

strategies, and filarial-host immune interactions to provide an updated knowledge of the immune 

evasion maneuvers used by filarial parasites. An extensive literature search was conducted using 

databases such as PubMed, Google Scholar, ScienceDirect, Web of Science, and Scopus to identify 

articles published between 2005 and 2025 that focus on the crucial molecular, cellular, and 

immunomodulatory strategies of filarial parasites. The immune evasion mechanisms include effector 

T cell modulation, induction of apoptosis in immune cells, release of immunomodulatory proteins, 

etc., ensuring the mutual survival of both the parasite and the host. An antigen-specific Th2 response 

and an increase in IL-10-producing CD4+T cells, along with a suppressed Th1 response, are the key 

immunological characteristics of filarial pathogenesis. This antigen-specific T-cell 

hyporesponsiveness seems necessary for keeping the long-term infection going, which often involves 

large parasite densities. This review summarizes filarial parasites' mechanisms and strategies in 

regulating host immune responses and will facilitate future studies on the filarial pathogenesis, 

leading to the development of novel anti-filarial therapeutics. 

Keywords: filariasis; host immune response; immune evasion; alternatively activated macrophages; 

toll-like receptors; regulatory T cells 

 

Introduction 

Lymphatic Filariasis (LF) is an undermining parasitic disease mainly caused by Wuchereria 

bancrofti and, to some extent, by Brugia malayi and Brugia timori. More than 90% of infections are 

bancroftian in nature [1]. LF affects over 120 million people around the globe, with millions more 

people at risk, mainly in tropical and subtropical regions https://www.who.int/health-

topics/lymphatic-filariasis#tab=tab_1. The disease targets the lymphatic system, causing 

inflammation, lymphatic dysfunction, and eventual development of lymphedema, elephantiasis, and 

hydrocele. The manifestation and severity of disease are caused by the influence of host immune 

response, which decides whether the individual remains asymptomatic, develops acute 

inflammation, or progresses to severe chronic pathology [2]. Immune mechanisms during infection 

not only direct the clinical manifestation but also influence the susceptibility, parasite persistence, 

and therapeutic response [3]. 

Global Filarial Endemicity 

LF is considered endemic in tropical and subtropical areas worldwide, affecting the population 

of Sub-Saharan Africa, Madagascar, several Western Pacific island nations, territories, and parts of 
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the Caribbean and sporadically in America, India, and Southeast Asia. W. bancrofti is the most 

widespread causative agent, responsible for nearly 90% cases, found in many tropical and subtropical 

regions, whereas Brugia spp. are more geographically limited, primarily found in Southeast Asia. 

Over 657 million people in 39 countries worldwide remain threatened by LF and require preventive 

chemotherapy just to interrupt the spread of this parasitic infection. According to the World Health 

Organisation, the global baseline estimate of people affected by lymphatic filariasis was 25 million 

men with hydrocele and over 15 million people with lymphoedema, while at least 36 million people 

remain with chronic disease manifestations (https://www.who.int/news-room/fact-

sheets/detail/lymphatic-filariasis). 

India has historically been a significant contributor to the global burden of LF, with estimates 

showing millions of people at risk. According to the National Vector-borne Disease Program, 345 

districts were reported endemic to LF, with around 740 million people at risk. Since 2000, an intensive 

mass drug administration (MDA) of over 9.7 billion doses has been delivered. Despite these efforts, 

as of 2023, the number of cases reported in India is around 619,000 lymphedema cases and 126,000 

hydrocele cases (https://ncvbdc.mohfw.gov.in/index4.php?lang=1&level=0&linkid=455&lid=3732). 

The majority of cases are of W. bancrofti, while B. malayi is restricted to Kerala, Karnataka, and Odisha. 

Among the endemic states, high prevalence of the disease can be seen in Bihar, Uttar Pradesh, and 

Odisha, while other states like Andhra Pradesh, Tamil Nadu, Jharkhand, and Karnataka also have 

notable LF burden (https://ncvbdc.mohfw.gov.in/WriteReadData/l892s/12145485381746781807.pdf). 

Filariasis: Causative Organisms 

Filariasis encompasses several diseases caused by filarial worms, and the most common type is 

Lymphatic Filariasis, which includes Bancroftian and Malayan filariasis. Bancroftian filariasis 

commonly involves inflammation of the spermatic cord, epididymitis, orchitis, and hydrocele [4]. 

Elephantiasis, particularly of the legs, is a common symptom, whereas Malayan filariasis is caused 

by Brugia malayi and Brugia timori [5]. This type also results in elephantiasis, often affecting the legs 

below the knee and occasionally the arms beyond the elbow. Lymphadenitis (swollen and painful 

lymph nodes) is another symptom [6]. LF primarily encompasses the tropical regions of Asia, the 

Americas, the Pacific, and Africa, as well as countries such as Indonesia, Malaysia, and Thailand [7]. 

Other major types of filariasis are Onchocerciasis (River blindness), Loiasis (African eye worm), 

Mansonellosis, and Dracunculiasis [8]. Onchocerciasis is caused by Onchocerca volvulus and 

transmitted by blackflies that breed near fast-flowing rivers [9]. It is endemic to sub-Saharan Africa, 

with smaller foci in Yemen, Uganda, Cameroon, and other regions of Latin America, and affects 

around 18 million people. This disease is characterised by severe pruritic dermatitis, depigmentation 

(“Leopard skin”), itchy skin, and potential blindness due to eye damage caused by migration of 

microfilariae into the eyes [10]. Loiasis, or “African eye worm,” is caused by Loa loa, transmitted by 

Chrysops/deerflies, and is confined to the rainforest of Central and West Africa. Around 10 million 

people are affected by the disease. Loa loa causes itchy, non-painful swellings, and worms may be 

seen moving across the eyes; higher microfilarial loads may lead to severe conditions such as the 

development of adverse neurological effects [11]. Mansonellosis, caused by Mansonella streptocerca, 

M. ozzardi, and M. pertans, is one of the most neglected filarial infections, despite infecting a large 

population across Central Africa, South America, and the Caribbean. Clinical symptoms of fever, 

fatigue, joint and abdominal pain, along with pruritus, and subcutaneous swellings are often 

reported [12]. 

Dracunculiasis or Guinea worm disease, caused by Dracunculus medinensis, is water-borne rather 

than vector-borne borne unlike other filarial diseases. Transmission occurs through contaminated 

water ingestion containing copepods harbouring infective larvae. The adult female worm migrates 

through subcutaneous tissues and emerges painfully through the skin, causing blisters, ulcers, or 

hives, fever, and itching with diarrhoea, nausea, and vomiting. Once widespread across Africa and 

Asia, Dracunculiasis is now on the verge of eradication due to proper water filtration, safe potable 

water programs, and surveillance [13]. Several animal models have been widely utilized to study 
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filariae, contributing to our understanding of how the immune system reacts to filarial invasion and 

the immunomodulation caused by them [14]. A summary of the causative agents, globally impacted 

regions, available animal models, suggested treatments, causes, symptoms, and vectors involved in 

transmitting different kinds of filariasis is presented in Table 1. 

Table 1. Different filarial parasites and their characteristics. 

S.N

o 

Filarial 

parasite 

Associated  

disease 

Vector 

involved 

Cause of 

symptoms 

Recommended 

treatment 

Affected 

regions 

Experimen

tal model 

Referenc

es 

1. 

Oncocerc

a 

volvulus, 

Oncocerc

a ochengi 

Onchocercia

sis 

Blackflies 

(Simuliu

m spp.) 

MF-related 

immune 

response 

Ivermectin ( 

generally in co-

endemic areas), 

not advised in 

case of areas co-

endemic with 

loiasis 

Sub-

Saharan 

Africa, 

Yemen, 

Uganda, 

Cameroo

n, small 

foci in 

South 

America 

Mice in the 

case of 

Oncocerca 

ochengi 

[6] 

2. 

Wucherer

ia 

bancrofti, 

Brugia 

malayi, 

Brugia 

timori 

Lymphatic 

filariasis  

(Elephantias

is) 

Mosquito 

species 

(Aedes, 

Anophel

es, Culex, 

Mansoni

a, etc.) 

Adult worm-

specific 

immune 

responses 

TPE: lung mf 

trapping 

Diethylcarbamaz

ine citrate (DEC), 

Ivermectin, 

Albendazole ( 

Different 

combinations of 

these drugs are 

given in areas 

with co-

endemicity) 

Tropical 

regions 

of Asia, 

America, 

the 

Pacific, 

Africa, 

and 

countries 

like 

Indonesi

a, 

Malaysia

, 

Thailand 

Ferrets, 

Mice, and 

Jerds 

[15] 

3. Loa loa Loiasis 
Chrysops 

flies 

Due to the 

migration of 

adult worms, 

Calabar 

swelling, 

severe 

reactions to 

DEC 

treatment, and 

hypereosinoph

ilia 

DEC or 

Albendazole 

(Due to the 

possibility of 

SAEs, treatment 

is not always 

advised) 

West and 

Central 

Africa 

Primates 

(Baboons) 

and 

rodents 

[16] 

4. 

Mansonel

la 

perstans, 

Mansonel

la 

ozzardi, 

Mansonel

la 

Mansonellos

is 

Midges 

of the 

genus 

Culicoide

s 

Due to adult 

worm 

migration, 

ocular 

symptoms 

brought on by 

MF migration 

Doxycycline 

Eastern, 

Western, 

and 

Central 

Africa, 

parts of 

South 

and 

NA [16] 
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streptocer

ca 

Central 

America, 

Caribbea

n islands 

Pathophysiology 

Lymphatic Filariasis pathophysiology comprises a complex interplay between parasite, host’s 

immune response, and secondary bacterial or fungal infection leading to lymphatic damage and 

chronic inflammation [17]. Infection is primarily caused by W. bancrofti, transmitted by mosquitoes. 

The infective larval stage (L3) enters the human host during a mosquito bite. It migrates to the 

lymphatic system, where it matures into an adult worm that can survive for years in lymphatics and 

lymph nodes, releasing microfilariae into the bloodstream, causing persistent antigenic stimulation ( 

[17]; [3] ). The human immune system recognises filarial antigen and mounts both innate and 

adaptive immune responses (Figure 1). 

 

Figure 1. Life cycle of Lymphatic Filariasis 1. A mosquito bites a normal person, entry of infective larva into the 

human through the mosquito bite. 2. Migration of larvae into local lymphatics and lymph nodes, preferably into 

the lymphatic of the spermatic cord. 3. Development into adult worms, both male and female. 4. Causes 

inflammation and obstruction of lymphatics. 5. Female adult worm produces microfilariae. 6. Entry of infective 

larval stage L3 into humans through a mosquito bite. 7. After sheathing, sheath microfilariae penetrate the 

midgut of the mosquito and migrate to the thoracic muscles. 8. Microfilariae develop into the L1 stage. 9. L1 

stage larvae moult into L2 stage and further moult into L3 infective stage. 10. Migration of L3 larvae to the head 

and proboscis of the mosquito, and during the blood meal, enter the human body. 

During the Asymptomatic phase, the worm manipulates the human immune system to avoid 

detection. They induce regulatory response by T-reg cells and promote anti-inflammatory cytokines 

such as IL-10 and TGF-β, which suppress immune reactions, allowing the worms to persist while 

preventing significant tissue damage [3]. The parasite also secretes a few immunomodulatory 

molecules that inhibit the activation of dendritic cells and effector lymphocytes, maintaining a 

delicate balance between host tolerance and parasite survival [18]. 

When an adult worm dies or releases the endosymbiont Wolbachia, a potent inflammatory 

immunological response is triggered, marking the beginning of the acute phase. After infiltrating the 
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lymphatics, neutrophils, eosinophils, and macrophages release pro-inflammatory cytokines such as 

TNF-α, IL-1β, and IL-6, resulting in lymphangitis, adenolymphangitis, fever, and excruciating 

swelling [1]. Recurrent bouts of adenolymphangitis might result from secondary bacterial infections 

that enter through weakened skin and worsen inflammation. Persistent infections cause the 

lymphatic system to undergo irreversible structural deformations and functional abnormalities. 

Fibrosis, valvular incompetence, and lymphatic dilatation (lymphangiectasia) are brought on by 

endothelial damage, persistent inflammation, and recurrent immunological activation. Elephantiasis, 

lymphedema, and lymphatic blockages are the outcomes of these alterations [19]. Areas of 

immunological hyperactivation and immune repression coexist in the chronic stage, which is 

indicative of a dysregulated immune milieu. In male patients, hydrocele develops due to impaired 

lymphatic drainage in the scrotal region, reflecting localised lymphatic compromise [20]. 

Furthermore, frequent bacterial superinfections can promote fibrosis and severe deformity due to 

tissue disorganisation and damage. Understanding these mechanisms is not only critical for 

developing targeted therapies but also for managing complex and grotesque pathophysiologies. 

Clinical Stages 

Lymphatic Filariasis usually has three stages, but the length and complexity of each stage 

depend on the number and life stages of parasites present, the host's immunity, and the number of 

times the person has been bitten by an infected mosquito [21]. Asymptomatic, acute, and chronic are 

the three primary clinical stages that an LF-infected patient goes through. The majority of infected 

individuals are asymptomatic, while some experience acute attacks and a smaller number develop 

chronic, disfiguring symptoms (https://www.who.int/news-room/fact-sheets/detail/lymphatic-

filariasis) [17]. Asymptomatic cases show no symptoms because they harbour circulating 

microfilariae and adult worms without any clinical signs. This lack of pathology is due to immune 

modulation induced by adult parasites. Worms release molecules that have an immunosuppressive 

nature, allowing the parasites to survive for several years in their hosts without any visible symptoms 

[3]. 

After the asymptomatic phase, the infected cases progress to the acute stages. In this phase, some 

adult worms would have died, resulting in a strong and uncontrolled immune response being 

mounted against the released antigens, toxins, and other products [22]. Most acute LF cases suffer 

from fever, pain, swelling, as well as inflammation in the lymph nodes and vessels, while in many 

cases, bacteria enter through the damaged skin and worsen the conditions [1]. Eventually, after 

suffering from several years of filarial infections, the lymph vessels become damaged and blocked, 

which leads to fluid buildup in legs, arms, or genitals known as elephantiasis, which is the typical LF 

chronic stage [23]. Chronic pathology reflects a combination of immune hyperactivation in some 

functionalities and suppression in others, compounded by repeated secondary infections that 

accelerate tissue remodelling and disability [24] (Table 2). 

Table 2. Summary of clinical stages of filariasis, highlighting disease status and symptoms. 

S.N. 
Clinical Stages 

in individuals 
Healthy/Diseased 

Parasitic 

stages  

Circulating 

filarial 

antigens 

Symptoms References 

1. Normal Healthy None Absent Nil [25] 

2. 
Endemic 

Normals 
Healthy None Absent Nil [3] 

3. 
Microfilaraemic 

/Asymptomatic 
Diseased 

Microfilariae 

in blood, 

live adult 

worms in 

lymphatics 

Present 
Clinically 

asymptomatic 
[26] 
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4. 
Acute Clinical 

Disease 
Diseased 

Adult 

worms in 

lymphatics 

Present 

Episodes of 

lymphangitis, 

filarial fever, lymph 

nodes, localized 

inflammation 

[27] 

5. 
Chronic 

Pathology 
Diseased 

Usually, 

dead adult 

worms are 

present in 

the 

lymphatics 

Present 

Lymphedema, 

elephantiasis, and 

hydrocele 

[28] 

6. Occult Diseased 

Adult 

worms 

present, but 

no 

circulating 

microfilariae 

May or may 

not be present 

Symptoms include 

Tropical 

Pulmonary 

Eosinophilia, 

restrictive 

pulmonary 

changes, filarial 

arthritis, 

glomerulonephritis, 

and breast 

abscesses, among 

others. 

[29] 

Since the filarial infections are non-deadly, the parasites persist in their hosts for a considerable 

amount of time and slowly but constantly incur irreversible damage to the host's immune system 

[18]. Filarial worms are capable of thriving in their hosts despite being surrounded by immune 

effector cells, antibodies, and other immunological chemicals [30]. This is achieved through the 

utilisation of highly calculated immune evasion and immune modulation strategies, including 

immunosuppression, immunological tolerance, and the modulation of Th-2 responses, to mention 

only a few [31]. Filarial parasites emit a range of stage- and gender-specific products to accomplish 

long-term survival as well as to move, localize, and reside through/into various host organs, tissues, 

and anatomical compartments as well as to avoid the host’s immune responses [32]. 

The host immune response to filarial parasites is characterized by a T helper 2 (Th-2) profile, 

which includes the secretion of cytokines such as IL-4, IL-5, IL-9, IL-10, and IL-13, as well as the 

production of antibody isotypes IgG1, IgG4, and IgE. This response is also marked by an increase in 

eosinophils, basophils, mast cells, and alternatively activated macrophages [33]. Although filarial 

parasite-induced Th-2 responses are a typical host response, they must be initiated by interaction 

with a wide variety of cell types, including (1) stromal cells; (2) dendritic cells and macrophages; (3) 

eosinophils; (4) mast cells; (5) basophils; and (6) epithelial [34] and innate helper cells [33]. Chronic 

infection leads to modulation of these conventional type-2 responses by adaptive and natural 

regulatory T cells, alternatively activated macrophages, eosinophils, and potentially other 

unidentified cell populations [25] (Table 3). 

Table 3. Functions of various types of immune cells involved in the anti-filarial immune response. 

S.No. Cell type Location Functions and roles Reference 

1. Regulatory T cells 
Thymus and 

Periphery 

Maintains tolerance and prevents 

pathologies. Present in high levels in 

the asymptomatic stage and low 

levels in the chronic stage 

[35,36] 

2. Regulatory B cells 
Blood 

circulation and 

 Perform Immune regulatory 

mechanisms by secreting 
[18] 
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inflammation 

site 

immunosuppressive cytokines. 

Induce Treg cells, suppressing 

CD4+, CD8+ T cells and NK cells  

3. Eosinophils 

Derived from  

bone marrow,  

later migrates 

to tissue 

Contributes both to the protection 

and development of filarial 

pathology 

[6] 

4. Neutrophils 

Circulates in 

blood later 

migrate to 

tissue 

Release toxins to eliminate parasites. 

Involved in protective immune 

responses and pathological 

aggravation of disease. 

[37] 

5. 

Alternatively 

Activated 

Macrophages(AAMs) 

Reside in Blood 

and Tissue 

Blood-derived AAMs perform 

immune regulatory roles  whereas 

tissue-resident AAMs responsible 

for fibrosis seen during chronic 

infections                             

[3] 

6. Dendritic cells 

Present in 

epithelial 

tissues 

Parasite-derived products interact 

with Dendritic cells to initiate 

profound changes in immune 

responses leading to suppressed 

inflammation suitable for prolonged 

survival of parasites characteristic of 

chronic infections. 

[38] 

7. CD4+ T cells 

Thymus and 

peripheral 

blood 

circulation 

Involved in parasite clearance along 

with type-2 cytokines. Presence of 

Treg balance Th1/Th2 responses. 

[39] 

8. CD8+ T cells 

Thymus and 

peripheral 

blood 

circulation 

Involved in the cytotoxic killing of 

filarial parasites with the help of 

type-2 cytokines, persistence of 

filaria antigens contributes to 

chronic pathology 

[39] 

Individuals showing occult manifestations show no classic filariasis symptoms or blood 

microfilariae but harbour them in tissues, presenting with atypical syndromes [40,41]. These include 

Tropical Pulmonary Eosinophilia (TPE), filarial arthritis, glomerulopathy, Endomyocardial Fibrosis 

(EMF), and breast granulomas. TPE, caused by W. bancrofti and B. malayi, presents with cough, fever, 

breathlessness, and eosinophilia, progressing to fibrosis if untreated [42]. Filarial arthritis affects large 

joints, mimicking rheumatoid arthritis but remains benign and responsive to DEC [43,44]. 

Glomerulopathy shows immune complex-mediated nephritis, while EMF, seen in equatorial areas, 

is linked circumstantially to filariasis. Breast granulomas mimic malignancy, but histology confirms 

filarial origin [45]. The induction of regulatory T-cells, the modulation of effector T-cells and APCs, 

and the death of responder cells are also the main variables that affect the control of immune response 

in filarial infection [46]. This review highlights the key immune evasion strategies of the filarial 

parasites, which help them to establish and maintain parasitism (Figure 2). 
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Figure 2. An overview of different immune evasion tactics employed by filarial parasites. The diagram 

categorises the mechanism by which filarial parasites evade host immune responses to ensure their survival. 

During respiratory bursts, monocytes, basophils, and neutrophils generate ROS (reactive oxygen species) to 

eliminate the parasite; as a result, filarial worms release antioxidant enzymes, which include SOD (superoxide 

dismutase), TrX (thioredoxin), and GST (glutathione S-transferase), some proteins, as well as 

immunomodulators. This, as a result, facilitates immune evasion by activating macrophages and other immune 

cells, by altering effector T cells and toll-like receptors (TLR), and by downregulating antigen presentation 

through MHC I and MHC II with the assistance of T regulatory cells. Thus, this pathway collectively allows 

filarial worms to minimise the oxidative damage and regulate host immunity and, as a result, facilitates the 

chronic infection. 
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By comprehending the molecular underpinnings of the host-parasite connection and the 

immune avoidance strategies used by filarial parasites, new therapeutic strategies to combat filarial 

diseases need to be developed. 

Immunomodulation via Parasite-Derived Molecules 

The developing filarial parasite passes through several stages within the human host, and during 

this process, it releases several chemicals and molecules specifically pertaining to the developmental 

stage and/or gender. The spectrum of these molecules not only represents the parasites’ distinct 

developmental processes and survival strategies at each stage but also represents their manipulative 

immune evasion tactics for establishing infection. [32]. 

High quantities of antioxidant enzymes and non-enzymatic antioxidants, such as α-tocopherol, 

thioredoxin peroxidase, glutathione-s-transferase (GST), TrxR, glutathione (GSH), ascorbic acid, 

superoxide dismutases, and translationally controlled tumor protein, are possessed by filarial 

parasites and are crucial for defense against free radicals produced during host immune cell attack 

[32,47–49]. Acetylcholinesterases secreted by B. malayi may prevent fluid accumulation in the gut and 

hinder parasite elimination. Calreticulin from B. malayi interacts with human C1q and inhibits 

subsequent classical complement pathways [50]. The thioredoxin reductase (TrxR) from Setaria cervi 

exhibited anti-inflammatory effects in macrophages by inhibiting the TLR4/NF-κB pathway, down-

regulating the inflammasome pathway, and activating macrophages [51]. 

Additionally, other prospective immunomodulators have been identified within the filarial 

genome, such as serpins and cystatins (which modulate antigen processing and presentation to T 

cells), indoleamine 2, 3-dioxygenase (IDO) genes (a potent immunomodulatory molecule), and the 

Wnt family of developmental regulators (which modulate immune activation) [52]. Upon infection, 

B. malayi larvae release a large amount of the protein called Bm-ALT, which is linked to the 

upregulation of the GATA-3 transcription factor in macrophages and the subsequent induction of a 

Th2 immune response. Furthermore, Bm-ALT stimulates SOCS-1, suppresses IFN-γR-associated JAK 

kinase in macrophages, and disrupts stimuli necessary for pro-inflammatory Th1 cell differentiation 

[53]. The BmK1 protein derived from B. malayi specifically inhibits voltage-gated potassium (Kv) 1.3 

channels and diminishes IFN-γ production in CCR7-effector memory T cells; it does not affect naïve 

or central memory T cells [54]. 

Researchers have demonstrated that PC alone, PC-BSA, and PC associated with ES-62 directly 

inhibit polyclonal activation of B cells in a PKC-dependent manner, suggesting that PC-containing 

compounds in B. malayi can mimic immunosuppressive effects [55]. Significantly, PC is absent in the 

ES-62 homolog, leucyl aminopeptidase (LAP), in B. malayi, but is present in another secretory protein 

known as N-acetylglucosaminyltransferase [56]. Treg cells and IL-10 are known to stimulate the 

synthesis of IgG4 in B cells. Immunosuppressive IgG4 cannot activate the complement system or 

generate antibody-dependent cell-mediated cytotoxicity (ADCC) upon binding to CD16 on 

neutrophils and eosinophils [57].  

Certain filarial compounds affect the immune response without relying on receptors, for instance, 

B.malayi’s Cystatins (BmCys), in addition to receptor-mediated regulation of immune cells [58], 

inhibits host cysteine proteases and asparaginyl endopeptidase, hinders antigen presentation on 

antigen-presenting cells (APCs), and diminishes T cell priming [59]. An unusual filarial 

immunomodulator is the B. malayi polyprotein “ladder,” gp15/400, which manipulates the immune 

response in a metabolite-dependent fashion. This retinoid-binding protein is believed to facilitate 

vitamin A absorption by host tissues [47]. Retinoic acid, a metabolite of vitamin A, promotes TGF-β's 

inhibition of IL-6-induced TH17 cell proliferation while facilitating the development of FOXP3+ Treg 

cells [60]. 

Leucyl aminopeptidase, a homolog of Acanthocheilonema vitae's ES-62, a phosphoryl-containing 

glycoprotein, is one of the glycoproteins released by filarial parasites Brugia malayi and Wuchereria 

bancrofti [61]. In various immune cells, ES-62 has diverse functions. ES-62 attaches with TLR4 in 

monocytes, followed by subsequent internalization of ES-62–TLR4 complexes, facilitating 
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sequestration and caveolae/lipid raft-mediated, proteasome-independent destruction of protein 

kinase C-α (PKC-α), a crucial factor responsible for the interaction of FcεRI receptor present on mast 

cells for their activation [62]. 

A tiny hapten-like moiety termed ES-62, which is present in the excretory secretions of filarial 

parasites contains the phosphorylcholine (PC) molecule. It has demonstrated immunomodulatory 

characteristics [63] that are mainly 

1. Downregulating the proliferation of CD4+ T cells and conventional B cells, and 

2. Downregulating the production of IL-4 and IFN-γ. 

3. Increasing the production of IL-10 by B1B cells, leading to their enhanced proliferation. 

4. Activating antigen-presenting cells to promote Th2 development and suppress Th1 reactions 

[64]. 

In dendritic cells, ES-62 binds to TLR-4 and inhibits PKC-γ associated with TLR-4, upregulates 

and sequesters p62 and LC3 (autophagosome machinery components), causes their 

autophagolysosomal destruction, and inhibits the LPS-driven release of IL-6, IL-12p70, and TNF-α 

from these cells [65]. The degradation of PKC-δ induced by ES-62 is expected to impede dendritic cell 

development and motility, the production of IL-12p40/p70, MHC II-antigen presentation, and Th1 

polarisation [66]. 

Upon microbial or parasitic infections, the damaged epithelial cells produce alarmins such as 

Thymic stromal lymphopoietin (TSLP), IL-25, and IL-33. Alarmins cause type-2 innate lymphoid cells 

(ILCs) to become activated, which aids in the development of anti-parasitic immunity and intensifies 

type-2 inflammation [67]. Due to the inadequacy of cutaneous ILC activation, Langerhans cells and 

dermal dendritic cells stay inactive and do not trigger an ILC2-dependent inflammatory response; as 

a result, the L3 in the cutaneous tissue successfully invades the host tissues. Additionally, there is still 

much to learn about the filarial chemicals that are responsible for this alteration of the cutaneous 

immune response [68]. 

Molecular Mimicry 

Innate immune cells possess pattern recognition receptors (PRRs) that identify certain pathogen-

associated molecular patterns (PAMPs) and activate intracellular pathways that elicit pro-

inflammatory responses. TLRs, NLRs, RLRs, CLRs, and ALRs are subcategories of PRRs [69]. TLRs 

and CLRs are the primary targets of glycan-conjugated products (glycoproteins and glycolipids) 

during immunomodulation. This parasitic survival technique, termed "glycan gimmickry," not only 

modifies TLR expression but also effectively manipulates its intracellular signalling [70,71]. Filarial 

parasites utilise an intriguing strategy called molecular mimicry, where they express molecules on 

their surface that mimic the host's glycan antigens. These host-like glycan antigens found on filarial 

surfaces are successful in thwarting the host's immunological response [72]. Researchers have found 

that the antigens of human filarial parasites mimic several host compounds. TGFβ-R signalling is 

used to trigger the immunosuppressive mechanisms of Brugia malayi’s adult and microfilariae stages' 

expression of TGH-2, a human TGF-β homolog [73,74]. BmHsp12.6, a small heat shock protein, is 

upregulated during the transition of Brugia malayi L3 larvae from mosquitoes to their mammalian 

hosts [75]. The upregulated BmHsp 12.6 may protect the parasite proteins from destruction within 

the host by carrying out their chaperone activities. Because BmHsp 12.6 binds to IL-10R, it exhibits 

IL-10-like properties and can modulate the host-immune responses [76]. Microfilariae of W. bancrofti 

and B. malayi release prostaglandins, predominantly PGE2 [77]. PGE2 serves multiple functions in 

immune modulation [78], including the activation of FOXP3+ Treg cells, vasodilation, and the 

suppression of platelet aggregation [79]. 

It has been demonstrated that the presence of cytokine- and chemokine-like molecules in filarial 

parasites affect the host immune response. Some of these homologs are functionally similar to TGF-

β and macrophage migration inhibitory factor (MIF) [47]. A recent investigation of the filarial parasite 

genome has shown a significant number of human cytokine and chemokine mimics and/or 
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antagonists within the genome [47]. This encompasses members of the interleukin-16 (IL-16) family, 

an IL-5 receptor antagonist, an interferon regulatory factor, a homolog of suppressor of cytokine 

signalling 7 (SOCS7), and two members of the chemokine-like family [52]. 

Modulation of TLR and NF-κB Signalling Cascades Induced by Filarial Parasites 

The discovery and characterisation of the Toll-like receptor (TLR) family have generated 

renewed interest in the domain of innate immunity. These receptors play a crucial role in microbial 

detection, the activation of antimicrobial genes, and the regulation of adaptive immune responses 

[80]. TLRs play a pivotal role in recognising the 'molecular fingerprints' of microbial infections, 

activating distinct signalling pathways, and regulating dendritic cell maturation and T helper (TH) 

cell differentiation [81]. Toll-like receptors (TLRs) are expressed by macrophages and dendritic cells 

(DCs), as well as by T and B lymphocytes [82]. Toll-like receptors (TLRs) are membrane-spanning, 

non-catalytic receptors that recognise structurally conserved compounds from infections and control 

the subsequent immune response [83]. There are currently thirteen TLRs that have been identified, 

including TLR1–TLR13, of which TLR1–TLR9 are shared by mice and humans. TLR11 and TLR13 are 

found in the endosomal compartments of mice but are absent from the human genome, while TLR10 

is nonfunctional in mice because of a retrovirus insertion [84]. TLR1, TLR2, TLR4, TLR5, and TLR6 

are localised on the plasma membrane, while TLR3, TLR7, TLR8, and TLR9 are found within the 

endosomes of leukocytes [85]. These receptors are present on diverse immune and non-immune cells 

in various combinations to identify a wide array of pathogen-associated molecular patterns (PAMPs), 

thus establishing a connection between the innate and adaptive immune systems [86,87]. Typically, 

TLRs form homodimers, with the notable exception of TLR2, which tends to preferentially associate 

as a heterodimer with either TLR1 or TLR6, and in certain instances, with TLR10 [88,89]. Pathogen-

encoded TLR ligands can be classified into three distinct categories: lipids and lipopeptides 

(TLR2/TLR1; TLR2/TLR6; TLR4), nucleic acids (TLR3, TLR7, TLR8, TLR9), and proteins (TLR5 and, 

in mice, TLR11) [90]. TLR10 has been demonstrated to interact with a range of ligands, although the 

specific natural ligand(s) remain under investigation. Proposed ligands encompass HIV-1 gp41 and 

lipopolysaccharides (LPS) [89]. 

TLRs activate the MyD88 pathway, which subsequently leads to the activation of MAPK and 

facilitates the translocation of nuclear factor kappa B (NF-kB) into the nucleus. NF-kB facilitates the 

transcription and production of pro-inflammatory cytokines [91]. NF-κB is essential in mediating 

responses to a wide range of external stimuli, making it a key component in various physiological 

and pathological processes, as well as a significant orchestrator of the immune response [92–94]. 

Before activation, latent NF-κB dimers are associated with inhibitors (IkB) that sequester the 

transcription factor within the cytoplasm. In the majority of cells, NF-κB is linked with IkBα, IkBβ, or 

IkBε; furthermore, p105 and p100 possess an inhibitor within their sequence [95,96], thereby also 

acting as inhibitors, while p50 and p52 homo- and heterodimers suppress NFκB B-dependent 

transcription. The translocation of NF-κB to the nucleus and its activation require the dissociation 

from the inhibitor, which occurs upon the phosphorylation of the inhibitor by an IκB kinase (IKK) 

[97]. 

Filarial parasites such as Wuchereria bancrofti and Brugia malayi release excretory/secretory 

products (ESPs) that interact with TLR2 and TLR4 in a non-stimulatory or suppressive manner, hence 

biasing immune responses towards tolerance instead of inflammation [98]. These ESPs comprise 

glycoproteins, lipids, and extracellular vesicles that disrupt standard TLR signalling, specifically the 

MyD88-NF-κB pathway [99]. Rather than eliciting proinflammatory cytokines, ESP-TLR interaction 

stimulates the production of anti-inflammatory cytokines such as IL-10 and TGF-β, which eventually 

contribute to immunological suppression in LF infections [100]. The suppression reinforces the 

FOXP3+ regulatory T cell (Treg) and alternatively activated macrophages, which makes the 

suppression even stronger. Both of these inhibit NF-κB activation and eventually slow down the 

antigen presentation [100,101]. 
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Thus, the canonical NF-κB signaling pathway is obstructed, resulting in the host immune 

system's inability to initiate an efficient TH1 response, hence enabling the parasite to persist 

chronically without being eliminated. [98,102] Hence, helminths such as filarial nematodes 

manipulate the host’s TLR-NFκB signalling to create a hyporesponsive environment that prolongs 

their survival and transmission into their host’s body [103] (Figure 3). 

 

Figure 3. TLR – NFκB signalling in Healthy and chronically infected individuals. The schematic depicts the 

activation of TLR-NFκB signaling under normal physiological settings and during chronic parasite persistence. 

During normal signaling, TLR2/4 interacts with lipopolysaccharides of pathogens, and after that recruits MyD88, 

which eventually results in IκB phosphorylation and NFκB activation and translocation to the nucleus, which 

facilitates the production of proinflammatory genes IL-1, TNF-α, and IL-12, and the subsequent TH1 and TH17 

response aids in pathogen clearance. During chronic infection, the excretory secretory products of the parasite 

engage with TLR2/4, modifying downstream signaling, which induces Fox3+ and Treg cells and secretion of 

anti-inflammatory cytokines (IL-10, TGF-β) and anti-apoptotic proteins, inhibiting NFκB-mediated 

proinflammatory gene transcription. Thus, there is a reduced TH1/cytokine response, which enables the 

parasite's existence. 

Effector T Cell Modulation 

Effector T-cells are induced by immunoregulatory cytokines to suppress immunological 

responses and promote immune tolerance. This alters the Th2 response and activates alternatively 

activated macrophages (AAMs). Effector T-cell responses can be suppressed or regulated via several 

mechanisms, including CTLA-4 and PD-1 [104]. Human filarial infections notably exhibit elevated 

levels of CTLA-4 and PD-1, and the inhibition of CTLA-4 can partially reinstate the immunological 

response in cells from infected individuals [105]. The T cells from filaria-infected patients have shown 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 October 2025 doi:10.20944/preprints202510.0038.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.0038.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 23 

 

characteristic anergy symptoms, including elevated expression of E3 ubiquitin ligases and decreased 

IL-2 production [106]. Although the majority of immunological research on filarial infections has 

focused on immune responses triggered by filarial antigens, investigating the immune responses 

elicited by live parasites reveals intriguing insights. Active parasites significantly inhibit the 

production of both Th1 and Th2 cytokines in response to L3 and Mf stages, resulting in reduced levels 

of Th1 (IFN-γ and TNF-α) and Th2 (IL-4 and IL-5) cytokines [106]. This is associated with a 

diminished induction of T-bet (the principal Th1 transcription factor) and GATA-3 (the principal Th2 

transcription factor) mRNA, with a markedly elevated expression of Foxp3, TGF-β, CTLA-4, PD-1, 

ICOS, and IDO. The increased activation of anergy-inducing factors Cbl-b, c-Cbl, Itch, and NEDD4 

facilitates the impairment of effector T-cell functions. Consequently, many regulatory variables such 

as IL-10, TGF-β, and nTregs (perhaps through PD-1 and CTLA-4) have been associated with the 

attenuation of immune responses in active filarial infection and may play a crucial role in the 

development of chronic pathologies. 

Filarial parasites cause the downregulation of MHC class I and class II, along with cytokines and 

other genes associated with antigen presentation in dendritic cells, thereby diminishing their ability 

to activate CD4+ T cells [107]. Furthermore, live parasites have demonstrated the ability to 

downregulate MHC class II, IL-18, and many genes associated with antigen presentation in skin-

resident Langerhans cells [108]. The interaction between filarial parasites and macrophages has been 

demonstrated to elicit alternatively activated macrophages. Due to the production of regulatory 

molecules such as IL-10, TGF-β, and PD-L2, these macrophages may primarily assume a regulatory 

function in filarial infections [31]. Anti-inflammatory macrophages can decrease T-cell responses via 

arginase-1 production and PD-L2 expression, while also suppressing classical macrophage 

inflammation and recruitment through arginase-1, resistin-like molecule-α (RELMα), triggering 

receptor expressed on myeloid cells 2 (TREM2), and other chemicals [109]. 

Role of Regulatory T Cells in Filarial Evasion and Pathogenesis 

Regulatory T cells are identified by a specific marker, Foxhead box P3, or FOXP3. Other markers 

of Tregs include CD25, cytotoxic T-lymphocyte-associated protein-4 (CTLA-4), inducible T-cell 

costimulator (ICOS), and T-cell immunoreceptor with Ig and ITIM domains [110]. Surface molecules, 

such as CTLA-4, LAG-3, FasL, PD1, and cell-surface-bound TGF-β, help in engaging Tregs with their 

corresponding cognate ligands on the target cells to deliver cytotoxic factors and suppressive signals, 

including granzyme B, cyclic adenosine monophosphate (cAMP), and the FasL-Fas apoptotic signal 

[111]. 

The regulatory T cell population consists of two subgroups: the Forkhead Box P3 transcription 

factor (Foxp3+) population and the Foxp3- population. The Foxp3 population exerts down-

modulatory effects through their production of interleukin (IL)-10 in the case of Tr1 and IL-35 from 

Tr35 T cells [112]. The classical Foxp3+ Treg population can be divided into two primary groups based 

on their origin. Thymic regulatory T cells (tTregs), also known as natural Tregs with the phenotype 

CD4+ CD25+ CTLA4+ FOXP3+, develop in the thymus due to negative selection and have self-antigen 

specificity [113]. They have previously been referred to as Helios+ Tregs. On the other hand, 

peripherally induced regulatory T cells (pTregs) are generated from peripheral Th cells in a process 

that depends on transforming growth factor-β (TGF-β). Various subtypes of iTreg cells have been 

identified, such as converted Foxp3+ Tregs, Tr1 cells that mainly secrete IL-10 and small amounts of 

TGF-β, Th3 cells that mainly secrete TGF-β, Tr35 cells that primarily secrete IL-35 and regulatory 

Th17 (Treg17) cells that secrete IL-17, have high levels of aryl hydrocarbon receptor (AhR) and IL-10, 

but produce significantly lower levels of IL-22 [114–120]. 

Following an infection with B. malayi, Tregs exhibit higher levels of CD103, a beta integrin 

associated with tissue residency, indicating that Treg retention at the infection site is important for 

their function. When human filarial infections occur, peripheral T cell populations express more 

CTLA-4, and therapy with anti-CTLA-4 Abs increases the cytokine responsiveness of T cells in filarial 

patients [121]. To sustain their successful parasitism, numerous parasites exploit the regulatory 
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network of the host immune system to diminish the immunological response directed against them 

[122,123]. The role of regulatory T cells in controlling immune responses, which lead to enhanced 

pathogen survival and ultimately long-term persistence of the pathogen, has been reviewed 

previously [124]. Nematodes are effective inducers of Treg responses, and Immunoregulatory T cells 

(Tregs) play a central role in the regulatory network of the host. A tolerant, asymptomatic carrier 

state that benefits the parasite and the host by allowing continued transmission with little clinical 

damage may be established by Tregs in chronic human infections such as filariasis [125]. Treg cells 

interact with filarial parasites to cause regulated inflammation by secreting immunosuppressive 

cytokines such as TGF-β and IL-10 [126]. 

Human filariasis, caused by nematodes such as Onchocerca volvulus or Wuchereria bancrofti, 

results in an increase in Tr1 cells, which, during infection, generate most of the IL-10 produced [127]. 

Tr1 cells are a specific subset of regulatory T cells. These cells release elevated levels of IL-10 but do 

not express forkhead box P3 (Foxp3). Tr1 cells are crucial for maintaining immunological homeostasis 

and serve as important regulators in the immune network [128]. Tr1 cells, together with Tregs, play 

a crucial role in facilitating the switch to IgG4 antibody production during helminthiases, hence 

promoting an anti-inflammatory phenotype [129]. In conclusion, during helminth infection, parasite-

induced modulation of regulatory T cells plays a critical role in the establishment and maintenance 

of a tolerant state. 

During the chronic phase of filarial infection, there is an increase in the levels of regulatory 

cytokines such as 1L-10 and TGF-β, as well as the antibody isotype IgG4. Research has indicated that 

in individuals with sub-clinical microfilaraemic W. bancrofti infection, neutralising antibodies to 1L-

10 (and to a lesser extent TGF-β) markedly improved the downregulated antigen-specific 

proliferative response [130]. According to research, populations infected with Wuchereria bancrofti 

had higher levels of regulatory B and T-cell subsets that make the cytokine IL-10, which helps in the 

survival of the parasite [131]. 

Wuchereria bancrofti’s sheath antigen stimulates TLR-4 signaling in DC, which induces the 

production of Th1 and Treg cells [132]. The presence of various Treg subsets, such as Foxp3-

expressing CD4+ cells that express TGF-β (Th3) and Foxp3-negative CD4+ cells that express IL-10 

(Tr1), is indicative of the connection between chronic filarial infection and host immune modulation 

via Tregs, especially in the microfilaremics [106,133–135]. During the early stages of filarial infection, 

Treg cells and their suppressive cytokines actively regulate Th1, Th2, and Th-17-driven inflammatory 

responses. Additionally, these Treg cells influence the B-cell response, which supports the persistent 

filarial infection [136]. 

Adult Brugia malayi and their microfilariae secrete the human TGF-β orthologue as a pathogenic 

factor to counteract the host's efficient immune responses. Following activation, antigen-specific Tr1 

cells infected with O. volvulus exhibit increased levels of CTLA-4, which facilitates the suppression of 

other T-cell activities [137]. Patients with lymphoedema who have the W. bancrofti infection exhibit 

significantly higher Th1 and Th17 responses and lower Treg levels compared to those without 

symptoms. In contrast, hyper-reactive onchocerciasis (river blindness) patients lack FOXP3+ CD25 

(high) Tregs [138]. 

Apoptosis Induction in Host Immune Cells 

Another route of immune evasion is the capability of the filarial parasites to trigger apoptosis in 

host cells. In vivo, apoptosis of CD4+ T cells has been seen in experimental murine models of filarial 

infection. Moreover, Brugia microfilariae have demonstrated the ability to interact with dendritic cells 

and NK cells, subsequently inducing their death [107,139]. 

By inducing apoptosis to decrease the number of immune cells, filarial parasites prolong their 

infection. B. malayi L3 stimulates NK cells to secrete IFN-γ and TNF-α, thereby promoting cell death 

through the caspase-dependent pathway [139]. B. malayi Mf influences human dendritic cells (DCs) 

in two ways: (1) by altering their functionality and (2) by inducing apoptosis, leading to an antigen-

specific T cell hypo-responsiveness. Microfilariae engage with human dendritic cells (DCs) to form 
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cell-parasite aggregates, induce DC apoptosis through TRAIL and TNF-α pathways, and hinder IL-

12 production, hence restricting CD4+ T cell activation and proliferation [66,107]. Furthermore, 

besides inducing death, microfilariae also induce autophagy in dendritic cells by obstructing the 

phosphorylation of mTOR and its downstream proteins (p70S6K1 and 4E-BP1), enhancing Beclin1 

phosphorylation, promoting LC3II induction, and facilitating p62 degradation [140]. Recently, 

researchers discovered that B. malayi microfilariae secrete extracellular vesicles that dendritic cells 

rapidly absorb. These extracellular vesicles are abundant in unique miRNAs that specifically target 

the mTOR signalling pathway [141]. W. bancrofti has been demonstrated to cause FasL-expressing B-

1 cells (caused by increased IL-10 levels) to induce the death of CD4+ T cells, leading to a hypo-

immune reaction in infected individuals [142]. The filarial parasites employ several other strategies 

and unidentified processes in addition to these to secure their existence and avoid causing significant 

harm to their host's body, thus establishing a productive infection for several years. 

Conclusions and Future Prospects 

Filarial parasites employ a range of evasion strategies to effectively disable the host's innate and 

adaptive immune responses, ensuring their continued parasitism. These parasites use several 

molecular and cellular strategies to evade host immune responses, including immunomodulation 

aided by various chemicals and parasite-derived molecules, molecular mimicry, in which the 

parasites express molecules on their surface that mimic the host's glycan antigens, alteration of TLR 

expression and NF-κB signaling cascades, as well as the induction and growth of regulatory immune 

cell populations, such as regulatory B cells (Bregs), regulatory T cells (Tregs) and alternatively 

activated macrophages. These mechanisms create a hyporesponsive environment that allows the 

persistence and survival of parasites in their hosts. The molecular factors and immune evasion 

mechanisms of parasites present potential targets for the development of specific diagnostics, 

treatments, and vaccines aimed at alleviating the chronic pathophysiological symptoms associated 

with the disease. The immunological mechanisms necessary for the induction, expansion, and 

maintenance of anti-helminth responses are still under exploration. 

Most of the understanding of anti-filarial immune responses has been deduced from rodent 

infections, which do not exhibit typical filarial pathologies [14]. Canines and felines function as 

natural hosts and efficient models for Brugia malayi infection, exhibiting symptoms such as 

lymphedema and lymphangitis but only for transient periods. Non-human primates and ferrets are 

regarded as excellent models for researching B. malayi because their lymphatic pathologies resemble 

those of human lymphatic filariasis. The infections manifest in a manner that is comparable to that of 

a human infection, characterised by lymphatic pathology. Hence, non-human primates are 

considered to be one of the best models that are available for studying the host-parasite relationships 

and immunity to LF, but handling these animals is expensive and is extremely challenging due to 

ethical considerations and other concerns [143]. 

Present-day anti-filarial drug combination Ivermectin, Diethylcarbamazine and Albendazole 

(IDA) treatment has proven largely ineffective against the adult filarial worms [144,145]. With the LF 

elimination deadline approaching, gaining further insight into the mechanisms of response 

production by using non–human primates is now becoming more important for uncovering 

immunomodulatory pathways and designing antifilarial drugs targeting adult parasitic stages too. 

Consequently, a deeper understanding of the molecular and functional mechanisms behind filarial 

immune evasion could provide specific and focused targets for the creation of anti-filarial treatments 

(Figure 4). 
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Figure 4. Outcomes of interaction between different immune cells involved in the anti-filarial immune response. 

The diagram depicts the immunological response affecting parasite population dynamics and progression of 

filariasis. On the left, parasite survival is facilitated by B and T regulatory cells in addition to alternatively 

activated macrophages (AAM) that are responsible for the Th2 response and, due to their modulation, result in 

chronic infection. At the base, antigen presentation by dendritic cells stimulated CD8+ T cells and again induced 

a Th2 response, which resulted in the production of IgE by B cells. On the right side of the triangle, macrophages, 

eosinophils, neutrophils, and basophils result in the parasite's death by secreting ROS (reactive oxygen species), 

NO (nitric oxide), and nitrogen intermediates. Collectively, these immune mechanisms establish the equilibrium 

between parasite persistence and resistance to filarial infection during various stages of disease progression. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

APCs Antigen Presenting Cells  

TGF-β Transforming Growth Factor-beta  

MIF Macrophage Migration Inhibitory Factor 

SOCS Suppressor of Cytokine Signaling 

AAMs Alternatively Activated Macrophages  

CTLA-4 Cytotoxic T- T-lymphocyte-associated protein 4 

PD-1 Programmed cell death protein 1  

ICOS Inducible Co-stimulator 

IDO Indoleamine 2,3-dioxygenase  

NEDD4 Neural precursor cell-expressed developmentally downregulated protein 4  

Cbl-b Casitas B-lineage lymphoma proto-oncogene-b 

c-Cbl Casitas B-lineage lymphoma  

TLR Toll-like receptor 

NLR Nod-like receptor  

RLR RIG-I-like receptor  

CLR C-type lectin receptor  

ALR Absent in Melanoma 2-like receptor  

GATA-3 binding protein 3 

PC Phosphorylcholine  

IFN-γ Interferon-gamma  

MHC Major histocompatibility complex  

RELMα Resistin-like molecule-α  

TREM2 Triggering receptor expressed on myeloid cells 2 

TRAIL Tumor necrosis factor-related apoptosis-inducing ligand  

TSLP Thymic stromal lymphopoietin  

ILCs Innate lymphoid cells  

PKC-γ Protein kinase C gamma  

PAMPs  Pathogen-Associated Molecular Patterns  

PGE2 Prostaglandin E2  

ADCC Antibody-dependent cell-mediated toxicity 

NFκB Nuclear factor kappa B. 
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