
 

International Journal of Web of Multidisciplinary Studies 
( Peer-Reviewed, Open Access, Fully Refereed International Journal ) 

website: https://ijwos.com 
Volume 3 Issue 2 , Feb 2026 

E-ISSN : 3049-2424                   
 

DOI: https://doi.org/10.71366/ijwos03022612846 
 

 

IJWOS | Volume 3 Issue 2, February 2026 | https://ijwos.com                                            
Copyright © 2025 The Author(s) : This is an open access article under the CC BY license  (http://creativecommons.org/licenses/by-nc/4.0/)                                                                       

439 
 

 

HOOKWORMS (ANCYLOSTOMA SPP.) USE VARIOUS MECHANISMS TO EVADE 
AND MODULATE THE HOST IMMUNE RESPONSE 

 

Muslim Abbas Allu1
 

1 Department of Nursing, Zakho Technical Institute, University of Duhok Polytechnic, Ministry of Higher Education and 
Scientific Research, Kurdistan Region, Iraq. 

 

Article Info  Abstract: 
 
Article History:  
 
 
Published:25 Feb 2026  
 

Publication Issue:  
Volume 3, Issue 2  
February-2026  
 

Page Number:   
439-444 
 

Corresponding Author:   
Muslim Abbas Allu 

 Hookworms of the genus Ancylostoma are parasitic nematodes that infect tens of 
millions of human beings worldwide, specifically in tropical and subtropical areas 
wherein poverty, insufficient sanitation, and warm climates favour transmission. This 
capacity to live on within the host is largely attributed to their state-of-the-art immune 
evasion and immune modulation strategies. These techniques help the parasites avoid 
detection, reduce infection that might damage them, and create a microenvironment 
that helps their survival and reproduction. Those parasites secrete immunomodulatory 
molecules that suppress seasoned-inflammatory responses, inhibit antigen 
presentation, and skew host immunity in the direction of a regulatory or Th2-
dominated profile. By interfering with cytokine signalling, impairing neutrophil and 
macrophage function, and promoting regulatory T-cell expansion, hookworms 
minimise tissue damage and lengthen persistent infection. Additionally, their 
capability to adjust the gut microenvironment and degrade host immune mediators in 
addition enhances immune evasion. Information these mechanisms afford precious 
insights into parasite–host interactions and help the improvement of advanced 
manipulation techniques, vaccines, and therapeutics towards hookworm 
contamination.  
Keywords: Hookworms, Ancylostoma spp. Evade and Modulate, Immune response, 
Host. 
 

 

1. INTRODUCTION 

    Hookworms are strongyl nematodes assigned to 18 genera that parasitise a huge range of mammalian hosts 
(Lichtenfels J R.1980). the 2 species that account for nearly all human infections, Ancylostoma duodenale and 
Necator americanus, are exceptionally host particular and occur in most heat-temperate regions (Beaver %, Jung 
R C, Cupp E W.1984).  

    Each worms are the most significant in the world. Close to one thousand million human beings in the arena's 
tropical and sub-tropical regions are infected with hookworms. In those international locations, hookworm 
infection is frequently the most important contributor to iron-deficiency anaemia, an immediate effect of the 
parasite's blood-feeding behaviour. Hookworm ranks among the most vital tropical illnesses of people, and new 
statistics using disability-adjusted life years (DALYs) as a quantitative measure of sickness burden famous that 
it outranks African trypanosomiasis, dengue, Chagas disease, schistosomiasis, and leprosy [Hotez P. Jm et 
al,2003]. stay inside the small gut and feed on host mucosa and blood (Roche M, Layrisse M.1966).  

   Girl worms produce eggs, which pass out in host faeces to embryonate inside the soil. The hatched first-stage 
larva feeds on microorganisms and develops through two moults to the infective 1/3 stage, which is enveloped in 
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the loose outer cuticular sheath left over from the second moult. Grownup worms of Ancylostoma species have 
short life spans, perhaps only 6 to three hundred and sixty-five days, a chronic infection can persist for years 
because of intermittent reactivation of hypobiotic larvae (Beaver p.c, Jung R C, Cupp E W.1984).  

    However, about seven-hundred million human beings dwelling in impoverished conditions stay inflamed, and 
lots of them are afflicted by morbidity on account of the anaemia caused by nematode feeding on host blood 
(Hotez, 2008).  

    Even as the host immune response to hookworm contamination is powerful, it fails to elicit safety, and people 
tend to exhibit heavier Trojan horse burdens with age (Hotez et al., 2016). No protective vaccines currently exist, 
and their successful development would require an improved understanding of both the host immune reaction 
and nematode biology (Allen and Maizels, 2011; Anthony et al., 2007; Hotez and Pecoul, 2010). Over the long-
term co-evolution in the host, helminths have evolved sophisticated mechanisms to evade host immunity and 
establish persistent infections through secreting proteins with immunomodulatory features (van Riet et al., 2007; 
McSorley et al., 2013).  

    Those immunomodulatory proteins manipulate host immune responses through inducing TH2-bias as well as 
inducing production of IL-10 and TGFβ cytokines that promote regulatory T-cellular responses (Nair and Herbert, 
2016). This regulatory reaction inhibits host inflammatory responses that might promote helminth expulsion, 
thereby ensuring long-term survival of the parasites and persistent contamination (van Riet et al., 2007). 

     At the same time, this is an evolutionary gain for survival of the parasite; it affords a beneficial safety for the 
host towards different inflammatory illnesses (McSorley et al., 2013). The immunoregulatory prowess of 
helminth infections has been exploited to expand novel therapeutics for preclinical models of allergic and 
autoimmune inflammatory diseases, in the end providing massive comfort from intense clinical disease (Elliott 
et al., 2007; Hübner et al., 2012; Li et al., 2017). This has a look at goals to show how the hookworms 
(ancylostoma spp.) use numerous mechanisms to stay away from and modulate the host immune response. 

2. IMMUNE MODULATION AND EVASION MECHANISMS 

     Hookworms (genus Ancylostoma, and additionally Necator) set up long-lived infections by way of actively 
modulating host innate and adaptive immunity in place of virtually hiding from it. Chronic contamination reflects 
each parasite's survival strategies and host regulatory responses that limit pathology. Person and larval 
hookworms release complex combos of excretory/secretory (ES) proteins (consisting of SCP/faucets/ASP family 
contributors, proteases, cytokine mimics, and different modulators) that immediately adjust immune mobile 
activation, cytokine profiles, and tissue responses. ES merchandise can lessen host pro-inflammatory responses, 
sell tissue restore signatures, and blunt antigen-particular T cellular proliferation. Those secretomes are one of 
the main mechanisms that permit long-term patience (Abuzeid AMI et al.2020).  

     SCP/taps / Ancylostoma secreted proteins (ASP/Na-ASP) — implicated in host invasion, immune signalling 
modulation, lipid binding and Th2 induction; they're vaccine and immunomodulatory candidates. Proteases 
(cathepsins, metalloproteases, serine proteases) — digest host tissues for feeding and can degrade host immune 
mediators (e.g., supplement additives, cytokines, Ig). (Loukas A. et al.,2001).  

    A few Ancylostoma species secrete calreticulin (CRT) and other supplement-binding proteins that bind 
complement components (e.g., C1q) and inhibit supplement activation and opsonisation, protecting larvae and 
adults from supplement-mediated lysis and inflammation. Recombinant Ancylostoma CRT has been proven to 
inhibit supplement-mediated hemolysis and stimulate Th2 cytokines in vitro (Zhuang T. et al. 2024). 
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    Hookworms counteract neutrophil extracellular traps (NETs) with the aid of secreting DNase activity that 
degrades NETs, stopping entrapment and killing via neutrophils — a selected molecular evasion tested in current 
research. This helps larvae continue to exist through early innate responses in tissues (Doolan R. et al.2020).  

    Hookworm infections strongly bias host responses in the direction of Th2 (IL-4, IL-5, IL-13) and result in 
regulatory pathways (IL-10, TGF-β, expansion of regulatory T cells and regulatory B cell activity). Parasite 
molecules can directly set off regulatory phenotypes (such as Tregs), and the regulatory environment contributes 
both to parasite survival and decreased host pathology. Anthelmintic treatment regularly reduces these regulatory 
signatures, showing their dependence on ongoing infection. Hookworm proteases facilitate skin penetration and 
mucosal attachment and digest host haemoglobin — but they also process host extracellular matrix and immune 
molecules, modulating antigen presentation and leukocyte recruitment. Proteases can cleave immunoglobulins 
and complement factors and might regulate cytokine gradients. Proteomic profiling of ES fractions continues to 
identify candidate proteases involved in those strategies (Uzoechi SC et al.2023). 

    Some secreted antigens (e.g., ASP-2) are surprisingly immunogenic and generate strong IgE/IgG responses in 
hosts. The parasite may additionally use antigenic decoys or result in non-protective antibody isotypes to divert 
powerful immunity. This dynamic also complicates vaccine layout: antigens that produce protective responses in 
some fashions also can elicit IgE-related reactions in human beings (Abuzeid AMI et al.2020).  

    Modulation of dendritic mobile function: ES products can impair DC maturation and antigen-presentation, 
skewing downstream T-cellular differentiation. Manipulation of eosinophils and mast cells: Hookworms form 
the recruitment/activation of granulocytes to prefer parasite survival whilst proscribing tissue damage (Loukas 
A. et al.2001).  

    Host lipid and metabolic modulation: some secreted proteins bind lipids and may modify local metabolic or 
signalling environments (Abuzeid AMI et al.2020). Knowledge of ES proteins and immunomodulatory has 
important translational consequences: (1) identifying vaccine candidates (ASP, proteases, etc.) and (2) deriving 
helminth-derived immunomodulatory as biologics for inflammatory and autoimmune (Jones KM et al.2023). 
(Figure 1). 

.  

Figure 1: Mechanisms of Evading and Modulating the Immune Response by Hookworms. 
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3. THE HOST IMMUNE RESPONSE 

     The host immune reaction to Ancylostoma (hookworms) is often a type 2 immune response, characterised by 
means of Th2 cytokines like IL-4, IL-5, and IL-13, and the involvement of cells like eosinophils, mast cells, and 
CD4+ T helper cells. This reaction is triggered at diverse tiers of the contamination, from skin penetration to 
intestinal status quo, and is accompanied by an increase in IgE antibodies and eosinophils. However, hookworms 
have developed to modulate this response, mainly to T-cell suppression and extended infections (McKee AS, 
Pearce 2004, Beiting DP, Gagliardo LF, Hesse M, Bliss SK, Meskill D,2007, Taylor MD, LeGoff L, Harris A, 
Malone E, Allen JE, Maizels RM,2005).  

Host resistance against Ancylostoma species relies upon a coordinated innate and adaptive immune reaction 
aimed at limiting larval establishment, lowering person worm survival, and controlling egg output. Even though 
hookworms have powerful immune-modulating talents, resistant hosts display wonderful immunological patterns 
characterised by way of type-2 immunity, eosinophilia, and antibody-mediated mechanisms (Bethony J. et al., 
2006).  

    In the skin, the Larval penetration activates sample-popularity receptors (PRRs), which include TLRs, 
prompting local irritation and Keratinocytes and epithelial cells to launch cytokines, including IL-25, IL-33, and 
TSLP, which activate innate lymphoid cells (ILC2s). Eosinophils grow rapidly at some point of larval migration 
(Hsieh G.C. et al., 2004).  

    Their cytotoxic granules—primary simple protein (MBP), eosinophil cationic protein (ECP)—can damage 
larvae. Eosinophils additionally produce IL-4, enhancing adaptive Th2 responses. Mast cells and basophils make 
contributions through. Degranulation (histamine, proteases). Selling mucus secretion. Improving IgE-mediated 
responses. Those reactions impair larval status quo in tissues and the intestine (Loukas A., Hotez P. J., 2018; 
Hotez P.J., Diemert D., 2013).  

      In resistant hosts, consisting of time and again exposed people and some animal species, including 
Eosinophils and macrophages, shape mobile aggregates around larvae, immobilising them, and even while 
infection takes place, resistant people show (Coakley G. et al. 2016).  decreased grown-up worms, decreased 
blood feeding, and decreased egg output (Maizels R.M., Yazdanbakhsh M. 2003).  

     Vaccination experiments and natural publicity display that the Th2 memory cells respond quickly upon re-
infection and IgG and IgE titers boom, accelerating larval clearance (Bungiro R., Cappello M., 2004). 

4. CONCLUSION 

    Hookworms (Ancylostoma spp.) employ an extensive range of state-of-the-art techniques to avoid and 
modulate the host immune response, ensuring their lengthy-time period survival inside the human gastrointestinal 
tract. With the aid of secreting immunoregulatory molecules, inhibiting key inflammatory pathways, and 
manipulating each innate and adaptive immunity, these parasites create a tolerogenic environment that minimises 
host damage while preserving a continual infection. 

     Their ability to suppress Th2 responses, modify antigen presentation, and modulate cytokine profiles 
highlights their incredible role in the host immune system. Knowledge of these mechanisms is no longer most 
effective in deepening our knowledge of host–parasite interactions, but also presents precious insights for 
developing novel vaccines, remedies, and immunomodulatory remedies inspired by using hookworm-derived 
molecules. 
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