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Abstract: Studies suggest that there is a complex interaction between parasitic infections, human 

microbiota, and host immunity. Reports have shown that there is the prevalence of viral diseases have 

inverse correlations with their severities (as is the case for Covid-19), their resulting mortalities, and 

helminth infections in endemic areas. This review study was conducted to discover the possible 
association between parasitic infections and Covid-19 epidemics from immunological, pathological, 

and therapeutic aspects. Our studies were conducted by reviewing texts, reports, and articles on 

reputable websites such as PubMed, Science Direct, medRxvi, Google Scholar, and bioRxiv published 
by 2022 07 April for keywords such as a parasite, helminth, radioactive, COVID-19 or SARS-CoV-2. 

In particular, reports of co-infection with helminths with complications and severity of Covid-19 in 

endemic areas were considered. The findings indicate that parasitic helminths can regulate host 
immune responses associated with a viral infection. For example, intestinal parasitic infections may 
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be effective in reducing the symptoms of SARS-CoV-2 and the complications of Covid-19. Infected 

hosts can induce an innate and Th2-compatible immune response to CD4+ T cells, eosinophils, and 
interleukins (IL-4, IL-5, and IL-10). Chronic helminth infections prevent strong immune responses by 

altering the host response to T helper 2 (Th2). Interestingly, some antimalarial drugs, such as 

Artemisinin-based combination therapies (ACTs), may inhibit SARS-CoV-2-induced severe acute 
respiratory syndrome (SARS). Parasitic infections may alter the host’s immune response to           

SARS-CoV-2 with potentially beneficial or detrimental effects. However, more large-scale 

epidemiological studies are needed to uncover the links between parasitic infections and COVID-19 
and to clarify existing ambiguities. 
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1. Introduction  

In regions with a high prevalence of helminthic infections, there are divergent views on the 
prevalence or severity of Covid-19. Because the pandemic has severely impacted some helminth 

endemic regions. There is a significant burden of soil-transmitted helminth infection (45–95%) among 

the Amerindian populations of the Brazilian Amazon. Covid-19 had a significant impact here, though, 
and the mortality rate was 250% higher than it was throughout the rest of Brazil [1]. Similarly, it is 

estimated that 65% of Venezuelan rural communities have soil-transmitted worms. However, the 

Covid-19 pandemic has had a significant impact on the area [2]. 
Because helminths cause the development of Regulatory T cells (Tregs) and the production of  

IL-10, the host’s immune system will be compromised, making the host more vulnerable to microbial 

infections. The composition of the gut microbiome, on the other hand, may be altered by 
gastrointestinal parasites, which will lead to systemic immunomodulation [3].   

According to a systematic review by Abdoli et al. [4], preexisting helminth infections may impair 

the body’s ability to fight off SARS-CoV-2 in the early stages of the infection, which could increase 
Covid-19 morbidity and mortality [4]. 

According to ecological studies, parasites like malaria, schistosomiasis, or soil-transmitted 

helminths have an inverse relationship with the prevalence of Covid-19. 
According to some reports, helminth co-infection may be able to control or even stop the 

progression of Covid-19 in endemic areas. A co-infection with any parasite, such as protozoa or 

helminth, reduces the likelihood of developing severe Covid-19. Additionally, it appears that patients 
without parasite co-infection are more likely to have poor hospital outcomes, such as the requirement 

for intensive care units, additional oxygen, or mechanical ventilation, in addition to death [5]. 
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Figure 1. Relationship between concomitant parasite infection and Covid-19 severity 
categories based on Kruskal-Wallis ranking test. 

The prevalence of SARS-CoV-2 suggests that low- and middle-income countries (LMICs) have 

a similar pattern to high-income countries, but they exhibit significantly lower mortality. Both malaria 
and parasitic neglected tropical diseases (NTDs) can cause cytokine storms and a pro-coagulant state 

akin to severe Covid-19, which can lead to immunological reactions to other infectious agents. 

Therefore, a co-infection with SARS-CoV-2 and malaria parasites can lead to much worse outcomes 
than a single infection with any of the pathogens and may cause the severe Covid-19 age pattern to 

shift to younger age groups [6]. 

Osborne et al. [7] found that co-infection with helminths and viruses reduced antiviral immunity, 
which is highly dependent on Ym1, a chitinase-like molecule that was linked to alternatively activated 

macrophages (AAM) without alterations in the microbiota. The neutralization of Ym1, however, 

helped to partially restore antiviral immunity [7]. 
Another study revealed for the first time that patients in Africa who have an intestinal parasite, 

protozoa, and helminth co-infections are less likely to experience severe Covid-19 [8]. Presumably, 

parasites reduce the severity of Covid-19 through their effects in modulating the systemic immune 
response. Chronic intestinal parasitic infections are often associated with the development of M2 

macrophages, and type 2 innate lymphoid cells (ILC2s) . These responses are associated with the 

induction of cytokines such as IL-4, IL-5, and IL-13 and an increase in eosinophils and Ige responses. 
Parasites-induced TH-2 responses are important in the control of parasitic infections and also play an 

important role in repairing tissue damage in such infections [9]. 

In parasitic infections, TH2 immune responses are also associated with the induction of potent T 
cell regulatory responses (Treg), which can affect responses to heterologous infections [10]. 

On the other hand, severe Covid-19 is associated with exacerbation of inflammation and increased 

production of proinflammatory cytokines [11]. Thus, TH2 and Treg responses due to parasitic 
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infections may balance overactive TH1 responses in severe Covid-19 conditions. It is possible for 

parasitic infections to directly affect the pathogenesis of Covid-19 by modulating the immune system 
and indirectly by balancing the parasite-based microbiome [12]. 

In African and Latin American countries, where helminth infections are still common,                  

Covid-19-related deaths are significantly lower than those reported in high-income countries, so it has 
been hypothesized that helminth parasites and their derivatives may affect the entry of SARS-CoV-2 

into host cells and have an anti-inflammatory effect in Covid-19 patients [13]. Living in areas with a 

high prevalence of helminth infection or being an active smoker [14] may paradoxically protect 
patients against Covid-19 through common factors, including an activated Th2 immune system [15] 

and high eosinophil counts. 

Among helminth parasites, some molecules of Fasciola hepatica have shown strong 
immunomodulatory properties. Derivatives of these molecules, like a 68 mer peptide from the helminth 

defense molecule (HDM), inhibit inflammation and airway hypersensitivity in murine experimental 

asthma [16]. The fatty-acid-binding recombinant protein Fh15 also blocked lipopolysaccharide (LPS) 
induced cytokine storm in a murine model [17].   

2. Immune responses to Covid-19  

Helminth infections may restrain host immune responses through different mechanisms, 

including but not limited to suppression of Th1/Th2 response, manipulation of pattern recognition 
receptors (PRRs), stimulation of regulatory cells, and induction of apoptosis in immune cells [18]. 

Immunoregulation during helminth infections is induced by helminth-derived products, which 

can be either parasite secretions, excretions, proteins, or extracellular vesicles that constantly interact 
with the host immune system [19].  

Detection of the virus by pattern recognition receptors (PRRs) such as toll-like receptors (TLRs) 

and retinoic acid-inducible gene (RIG-1) activates the nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-kB), and interferon becomes regulatory factor 3 (IRF3). Finally, induction of 

proinflammatory cytokines, chemokines like interleukin (IL)-6, IL-1β, IL-8, CCL2, CCL8, and 

CXCL9, and type I interferons (IFNs) occurs [20]. Activation of complement pathways also leads to 
the overproduction of chemoattractants, C3a and C5a (anaphylatoxins), leading to a cytokine          

storm [21]. 

Cytokines and chemokines also invoke other immune cells to the site of inflammation, thereby 
increasing the intensification of the inflammatory response (Figure 2). Overproduction of 

proinflammatory cytokines (cytokine storm) leads to widespread tissue damage, including acute 

respiratory distress syndrome or multiorgan failure, which has been associated with mortality in         
Covid-19 patients [22]. 
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Figure 2. Severe immune response to Covid-19 [23]. 

3. The Eosinophil responses against RNA viruses 

Th2 immune system is characterized by the presence of too many of two types of cells: (1) 
alternatively activated M2 macrophages, which are less inflammatory and more reparative than the 

classic M1 [24], and (2) eosinophils [25], which are potent antiviral cells [26] and can exhibit potent 
immune function against RNA viruses (including Covid-19 disease). The unique and specialized 

properties of eosinophils indicate their role as potential first-line defense cells in the fight against 

viruses such as the SARS-CoV-2 virus [27]. 

4. Procoagulant mode  

SARS-CoV-2 induces pre-coagulation by inducing von Willebrand factor increasing, tissue factor 

expression, activation of Toll-like receptors, and endothelial dysfunction [28]. The presence of 

hypercoagulable markers, including increased D-dimer product levels and fibrin breakdown, and 
prolonged prothrombin time indicate a poor prognosis [29]. Clinically, extensive venous 

thromboembolism, pulmonary embolism, diffuse intravascular coagulation (DIC) [30],   

thrombocytopenia [28], and stroke due to arterial thrombosis also occur [31].  
Similar to the mechanism proposed in Covid-19, in malaria, lysis of activated platelets, a tissue 

factor released from damaged vascular endothelial cells, enhances the pre-coagulation state. Thus,     

co-infection of Plasmodium spp. and SARS-CoV-2 may result in greater degrees of coagulation than 
any of these infections alone [32].  

5. Potential interactions between NTDs and Covid-19 

Helminths, including stool-transmitted helminths (STH), Schistosoma organisms, and filarial 

worms, typically push the immune system toward anti-inflammatory Th2 pathways through a variety 
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of regulatory mechanisms [33]. Protozoal parasites, such as trypanosomes or Leishmania spp., are 

more likely to induce a Th1, pro-inflammatory response. However, there are many deviations from 
this characterization. Some helminths induce Th1 responses in some stages of the life cycle (e.g., 

microfilariae of filarial parasites or schistosome eggs), resulting in symptomatic disease, but Th2 

responses in other stages (e.g., adults of both filarial parasites and schistosomes).  
The downregulation of the inflammatory response associated with helminths may reduce the 

development of immunity or response to vaccines, decrease inflammation associated with autoimmune 

diseases, reduce the ability to control Mycobacterium tuberculosis and Mycobacterium leprae 
coinfections, and reduce the severity of malarial coinfection. The pro-inflammatory effects of some 

protozoal infections may worsen the severity of some, but not all, viral infections [34].  

In addition, polyparasitism is quite common, and the overall impact on inflammation depends on 
the sequence of infections and the burden of each. Thus, coinfection with parasitic NTDs could result 

in altered risks and severity of clinical manifestations of SARS-CoV-2 infection, with the potential for 

decreased development of immunity with increased viral loads. 
Helminth parasites elicit a modulated T response (Th) in vertebrate hosts, including inhibition of 

proinflammatory cytokines and induction of a hyporesponsive state including interleukin-10                  

(IL-10)-producing T regulatory (Treg) cell populations [33]. Evidence suggests that the absence of 
helminth infections in the population of developed countries leads to a lack of immune stimuli 

associated with such infections in childhood and an increase in autoimmune diseases such as allergies, 

asthma, and rheumatoid arthritis [35]. 

6. Immune response against helminths 

Metazoan parasites are able to survive for very long periods in the bloodstream, lymph, liver, or 

gastrointestinal tract of their host and cause pathological conditions such as anemia, cirrhosis, and 

lymphatic filariasis [36].  
In the first encounter with helminths, human tissues, like any other foreign invader (whether virus, 

bacterium, mold, or protozoan), have an immediate immune response that begins with the activation 

of the innate immune system. With the identification of foreign molecules, the rapid uptake of 
inflammatory cells into the site of invasion begins [37]. 

Naturally, innate immunity is the first-line response to detecting pathogens based on          

germline-encoded receptors. Helminths and their excretory/secretory products are also detected by 
phagocyte receptors, T cells 2 (ILC2s), and mast cells [38]. The roles of the signaling modulation, 

helminth-derived immunomodulatory molecules such as cytokine & innate defense homologs, growth 

factors, enzymes, and inhibitors, lipids, and lipid-binding mediators have also been largely identified 
in modulating the innate immune response [39]. 

Most helminths inhibit the Th1 immune response through various molecular processes and instead 

stimulate the activation of the Th2 network [40]. The process activates the production of alternative 
cytokines (IL-4, IL-5, and IL-13) instead of the classic proinflammatory cytokines (TNFα, IL-1β, IFNγ) 

induced by the Th1 response. The new cytokines trigger a number of different cells (such as Th2 

lymphocytes, IgE-producing B cells, mast cells, basophils, eosinophils, and M2 macrophages) [41]. 
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In chronic parasitic infections, helminths modify their host’s immune system, which increases 

their long-term survival and protects the host and parasite from the onset of inflammatory           
disorders [42]. The best example may be Wuchereria bancrofti, which causes lymphatic filariasis. 

Wuchereria secretes a phosphorylcholine fragment (called ES-62) that blocks the production of 

proinflammatory cytokines such as IFN-γ. It also suppresses antibody production by blocking the 
interaction between CD4+ cells and B cells, activates the production of the anti-inflammatory cytokine 

IL-10 and suppresses the Th1 pathway [43]. The mentioned immune silencing is likely to occur among 

the approximately 2 billion people living in the helminth belt today, protecting them against Covid-19. 
A comparison of global maps shows a clear negative correlation between helminth prevalence and 

Covid-19 infection and, most importantly, mortality [41] (Figure 1).  

7. Immunomodulatory role of helminths and Covid-19 co-infections 

In developing and suburban areas of industrialized countries, the 2019 coronavirus                  
disease (Covid-19) and helminth infections may be part of a synergistic epidemic. With CD4 T cells, 

eosinophils, interleukin-4, interleukin-5, and interleukin-10, the coinfected hosts will develop a 

parasite-specific Th2 innate and adaptive immune response. During the early stages of severe acute 
respiratory syndrome coronavirus type 2 (SARS-CoV-2) infection, virus-specific Th1 cytotoxic CD8 

T cell, interleukin-6, interferon, and interleukin-27 by the lung are crucial in regulating viral 

replication in the lung epithelial cells and limiting the pathology to other organs, like the intestine. 
During and after Covid-19, CD4, and CD8 T cells are linked to protective immunity. The severity of 

Covid-19, however, can be influenced by viral evasion mechanisms that interfere with interferon 

secretion, similar to how helminths modulate immunity. Depending on which helminth is coinfecting, 
immunomodulation can cause mild, moderate, or severe Covid-19 by regulating or avoiding host 

cytokine and pro-inflammatory response, lowering a viral load, and affecting vaccine-induced 

antibody response [44]. 
Suppression of the immune system caused by malaria has also been observed in many 

concomitant infections, significantly inhibiting immune responses to other infections such as 

Salmonella species [45]. Malaria-induced immunomodulation also protects against severe 
manifestations of some respiratory viruses. In the murine model, co-infection with Plasmodium spp. It 

can suppress the production of pulmonary cytokines, and reduce clinical signs and inflammation in 

pneumovirus infections and even SARS-CoV-2. Suppression of the immune system caused by malaria 
can lead to milder manifestations of Covid-19 [46]. 

High levels of eosinophils can be seen in people living in the helminth belt who are protected 

from viral infections [47]. Eosinophils, on the other hand, kill viruses through a variety of mechanisms, 
including RNases in specific granules, nitric oxide production [48], and increased expression of host 

antiviral proteins such as IRF-7, IFN, and MIP-1α [49]. 

In summary, helminth infections cause effects, all of which lead to low basal immune 
responsiveness and may be described as the Th2-IL-10 axis. During helminth infection, IL-10 inhibits 

the activity of cytotoxic T8 cells, CD8+, and Th1, and it suppresses the interaction between natural 
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killer (NK) cells and myeloid dendritic cells (DCs). All of these activities are required for optimal 

clearance of pathogens as well as repair of tissue damage [50].  
Also, helminth infection is often associated with the proliferation of regulatory T cells (Tregs), 

which reduce inflammation and prevent self-harm by an overactive immune system [51]. Interestingly, 

during chronic helminth infection, the immune system is equipped with Th2 CD4+, Th9 CD4+ T cells 
and their active agents, basophils, mast cells, and especially eosinophils [52].  

In such a process, the survival of the host is as important as the survival of the helminths 

themselves. Hence, it seems that immunosuppressive agents have beneficial effects on the overall 
outcome of the disease [53], and, of course, the sooner immunosuppression begins (before the onset 

of the cytokine storm), the more effective it will be [41]. 

8. Conclusion  

Although co-infection of helminths (and their molecules) with SARS-Cov-2 may be associated 
with fewer complications and mortality in endemic areas, further studies are needed to show its effect 

on Covid-19 severity. The findings support the hypothesis that co-infection with parasites may 

alleviate the hyper-inflammation associated with severe Covid-19. 
Immunomodulatory effects of helminth infections have been demonstrated in a number of 

diseases. One of the possible explanations for why Covid-19 severity is still lower in countries with 

helminth endemicity is helminth co-infection in Covid-19 patients. According to recent studies,  
Covid-19 cases and deaths have been lower in helminth-endemic countries so far, and helminth co-

infection may lessen Covid-19 severity. 

The effectiveness of the Covid-19 vaccine has also been shown to be significantly reduced by 
helminth co-infection in other diseases, which may also be a factor. Helminths have an 

immunomodulatory effect that has both intended and unintended effects, both positive and negative, 

which may respectively lessen the severity of Covid-19 and the effectiveness of the Covid-19 vaccine. 

Conflict of interest 

The authors declare there is no conflict of interest. 

References 

1. Ramírez JD, Sordillo EM, Gotuzzo E, et al. (2020) SARS-CoV-2 in the Amazon region: a 

harbinger of doom for Amerindians. PLoS Negl Trop Dis 14: e0008686. 
https://doi.org/10.1371/journal.pntd.0008686 

2. Paniz-Mondolfi AE, Ramírez JD, Delgado-Noguera LA, et al. (2021) Covid-19 and helminth 

infection: beyond the Th1/Th2 paradigm. PLoS Negl Trop Dis 15: e0009402. 
https://doi.org/10.1371/journal.pntd.0009402  

3. Brosschot TP, Reynolds LA (2018) The impact of a helminth-modified microbiome on host 

immunity. Mol Immunol 11: 1039–1046. https://doi.org/10.1038/s41385-018-0008-5 



100 

AIMS Allergy and Immunology  Volume 7, Issue 1, 92–103.  

 

4. Abdoli A (2020) Helminths and COVID-19 co-infections: a neglected critical challenge. ACS 

Pharmacol Transl Sci 3: 1039–1041. https://doi.org/10.1021/acsptsci.0c00141 
5. Wolday D, Gebrecherkos T, Arefaine ZG, et al. (2021) Effect of co-infection with intestinal 

parasites on COVID-19 severity: A prospective observational cohort study. EClinicalMedicine 

39: 101054. https://doi.org/10.1016/j.eclinm.2021.101054 
6. Gutman JR, Lucchi NW, Cantey PT, et al. (2020) Malaria and parasitic neglected tropical 

diseases: potential syndemics with COVID-19? Am J Trop Med Hyg 103: 572–577. 

https://doi.org/10.4269/ajtmh.20-0516 
7. Osborne LC, Monticelli LA, Nice TJ, et al. (2014) Virus-helminth coinfection reveals a 

microbiota-independent mechanism of immunomodulation. Science 345: 578–582. 

https://doi.org/10.1126/science.1256942 
8. Yang X, Yu Y, Xu J, et al. (2020) Clinical course and outcomes of critically ill patients with 

SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, observational study. 

Lancet Respir Med 8: 475–481. https://doi.org/10.1016/S2213-2600(20)30079-5 
9. White MPJ, McManus CM, Maizels RM (2020) Regulatory T-cells in helminth infection: 

induction, function and therapeutic potential. Immunology 160: 248–260. 

https://doi.org/10.1111/imm.13190 
10. Cepon-Robins TJ, Gildner TE (2020) Old friends meet a new foe: a potential role for immune-

priming parasites in mitigating Covid-19 morbidity and mortality. Evol Med Public Health 2020: 

234–248. https://doi.org/10.1093/emph/eoaa037 
11. Sinha P, Matthay MA (2020) Is a “cytokine storm” relevant to COVID-19. JAMA Intern Med 

180: 1152–1154. https://doi.org/10.1001/jamainternmed.2020.3313 

12. Wolday D, Tasew G, Amogne W, et al. (2021) Interrogating the impact of intestinal parasite-
microbiome on the pathogenesis of COVID-19 in Sub-Saharan Africa. Front Microbiol 12: 

614522. https://doi.org/10.3389/fmicb.2021.614522 

13. Siles-Lucas M, González-Miguel J, Geller R, et al. (2021) Potential influence of helminth 
molecules on COVID-19 pathology. Trends Parasitol 37: 11–14. 

https://doi.org/10.1016/j.pt.2020.10.002. 

14. Farsalinos K, Barbouni A, Niaura R (2020). Smoking, vaping and hospitalization for COVID-19. 
Qeios 2020: 1–10. https://doi.org/10.32388/Z69O8A.12 

15. Rodriguez C, Veciana C (2020) Asthma and Covid-19: The eosinophilic link. Qeios 2020: 1–14. 

https://doi.org/10.32388/5IY4IF 
16. Tanaka A, Allam VSRR, Simpson J, et al. (2018) The parasitic 68-mer peptide FhHDM-1 inhibits 

mixed granulocytic inflammation and airway hyperreactivity in experimental asthma. J Allergy 

Clin Immunol 141: 2316–2319. 
17. Ramos-Benitez MJ, Ruiz-Jimenez C, Rosado-Franco JJ, et al. (2018) The parasitic 68-mer 

peptide FhHDM-1 inhibits mixed granulocytic inflammation and airway hyperreactivity in 

experimental asthma. J Allergy Clin Immunol 141: 2316–2319. 
https://doi.org/10.1016/j.jaci.2018.01.050 



101 

AIMS Allergy and Immunology  Volume 7, Issue 1, 92–103.  

 

18. Oliveira SC, Figueiredo BC, Cardoso LS, et al. (2016) A double edged sword: Schistosoma 

mansoni Sm29 regulates both Th1 and Th2 responses in inflammatory mucosal diseases. Mucosal 
Immunol 9: 1366–1371. https://doi.org/10.1038/mi.2016.69 

19. Zakeri A, Hansen EP, Andersen SD, et al. (2018) Immunomodulation by helminths: intracellular 

pathways and extracellular vesicles. Front Immunol 9: 2349. 
https://doi.org/10.3389/fimmu.2018.02349 

20. Hosseini A, Hashemi V, Shomali N, et al. (2020) Innate and adaptive immune responses against 

coronavirus. Biomed Pharmacother 132: 110859. https://doi.org/10.1016/j.biopha.2020.110859 
21. Shibabaw T, Molla MD, Teferi B, et al. (2020) Role of IFN and complements system: innate 

immunity in SARS‐CoV‐2. J Inflamm Res 13: 507–518. http://doi.org/10.2147/JIR 

22. Ragab D, Salah Eldin H, Taeimah M, et al. (2020) The COVID-19 cytokine storm; what we know 
so far. Front Immunol 11: 1446. https://doi.org/10.3389/fimmu.2020.01446 

23. Akelew Y, Andualem H, Ebrahim E, et al. (2022) Immunomodulation of COVID-19 severity by 

helminth co-infection: Implications for COVID-19 vaccine efficacy. Immun Inflamm Dis 10: 
e573. https://doi.org/10.1002/iid3.573 

24. Orecchioni M, Ghosheh Y, Pramod AB, et al. (2019) Macrophage polarization: different gene 

signatures in M1 (LPS+) vs classically and M2 (LPS–) vs. alternatively activated macrophages. 
Front Immunol 10: 1084. https://doi.org/10.3389/fimmu.2019.01084 

25. Stafford S, Lowell C, Sur S, et al. (2002) Lyn tyrosine kinase is important for IL-5-stimulated 

eosinophil differentiation. J Immunol 168: 1978–1983. 
https://doi.org/10.4049/jimmunol.168.4.1978 

26. Rosenberg HF, Dyer KD, Domachowske JB (2008) Eosinophils and their interactions with 

respiratory virus pathogens. Immunol Res 43: 128–137. https://doi.org/10.1007/s12026-008-
8058-5 

27. Lee JJ, Helene FR (2012) Eosinophils in Health and Disease, Cambridge: Academic Press. 

28. Giannis D, Ziogas IA, Gianni P (2020) Coagulation disorders in coronavirus infected patients: 
COVID-19, SARS-CoV-1, MERS-CoV and lessons from the past. J Clin Virol 127: 104362. 

https://doi.org/10.1016/j.jcv.2020.104362 

29. Tang N, Li D, Wang X, et al. (2020) Abnormal coagulation parameters are associated with poor 
prognosis in patients with novel coronavirus pneumonia. J Thromb Haemost 18: 844–847. 

https://doi.org/10.1111/jth.14768 

30. Guan W, Ni Z, Hu Y, et al. (2020) Clinical characteristics of coronavirus disease 2019 in China. 
N Engl J Med 382: 1708–1720. https://doi/full/10.1056/neJMoa2002032 

31. Klok FA, Kruip M, Van der Meer NJM, et al. (2020) Incidence of thrombotic complications in 

critically ill ICU patients with COVID-19. Thromb Res 191: 145–147. 
https://doi.org/10.1016/j.thromres.2020.04.013 

32. Srichaikul T (1993) Hemostatic alterations in malaria. Southeast Asian J Trop Med Public Health 

24: 86–91. 
33. Maizels RM, McSorley HJ (2016) Regulation of the host immune system by helminth parasites. 

J Allergy Clin Immunol 138: 666–675. https://doi.org/10.1016/j.jaci.2016.07.007 



102 

AIMS Allergy and Immunology  Volume 7, Issue 1, 92–103.  

 

34. Bashi T, Bizzaro G, Shor DBA, et al. (2015) The mechanisms behind helminth’s 

immunomodulation in autoimmunity. Autoimmun Rev 14: 98–104. 
https://doi.org/10.1016/j.autrev.2014.10.004 

35. Jackson JA, Friberg IM, Little S, et al. (2009) Review series on helminths, immune modulation 

and the hygiene hypothesis: immunity against helminths and immunological phenomena in 
modern human populations: coevolutionary legacies? Immunology, 126: 18–27. 

https://doi.org/10.1111/j.1365-2567.2008.03010.x 

36. Rajasekaran S, Anuradha R, Bethunaickan R (2017) TLR specific immune responses against 
helminth infections. J Parasitol Res 2017: 1–9. https://doi.org/10.1155/2017/6865789 

37. Monie TP (2017) Section 6–The Innate Immune System in Health and Disease, The Innate 

Immune System, Cambridge: Academic Press, 189–207. 
38. Motran CC, Silvane L, Chiapello LS, et al. (2018) Helminth infections: recognition and 

modulation of the immune response by innate immune cells. Front Immunol 9: 664. 

https://doi.org/10.3389/fimmu.2018.00664 
39. Maizels RM, Smits HH, McSorley HJ (2018) Modulation of host immunity by helminths: the 

expanding repertoire of parasite effector molecules. Immunity 49: 801–818. 

https://doi.org/10.1016/j.immuni.2018.10.016 
40. Zhu J (2015) T helper 2 (Th2) cell differentiation, type 2 innate lymphoid cell (ILC2) 

development and regulation of interleukin-4 (IL-4) and IL-13 production. Cytokine 75: 14–24. 

https://doi.org/10.1016/j.cyto.2015.05.010 
41. Rodriguez C (2020) The global helminth belt and Covid-19: the new eosinophilic link. Qeios 

2020: 1–18. https://doi.org/10.32388/IWKQH9.2 

42. Eichenberger RM, Ryan S, Jones L, et al. (2018) Hookworm secreted extracellular vesicles 
interact with host cells and prevent inducible colitis in mice. Front Immunol 9: 850. 

https://doi.org/10.3389/fimmu.2018.00850 

43. Al-Riyami L, Harnett W (2012) Immunomodulatory properties of ES-62, a phosphorylcholine-
containing glycoprotein secreted by Acanthocheilonema viteae. Endocr Metab Immune Disord 

Drug Targets 12: 45–52. https://doi.org/ 10.2174/187153012799278893 

44. Chacon N, Chacin-Bonilla L, Cesari IM (2021) Implications of helminth immunomodulation on 
Covid -19 co-infections. Life Res 4: 26. https://doi.org/10.53388/life2021-0502-309 

45. Lokken KL, Stull-Lane AR, Poels K, et al. (2018) Malaria parasite-mediated alteration of 

macrophage function and increased iron availability predispose to disseminated nontyphoidal 
Salmonella infection. Infect Immun 86: e00301–e00318. https://doi.org/10.1128/IAI.00301-18 

46. Edwards CL, Zhang V, Werder RB, et al. (2015) Coinfection with blood-stage Plasmodium 

promotes systemic type I interferon production during pneumovirus infection but impairs 
inflammation and viral control in the lung. Clin Vaccine Immunol 22: 477–483. 

https://doi.org/10.1128/CVI.00051-15 

47. Thakur N, Rai N (2016) Alarmingly high incidence of eosinophilia in barabanki and neighboring 
districts of eastern uttar pradesh: A prospective hospital-based study. J Trop Pediatr 65: 500–

502. https://doi.org/ 10.1093/ tropej/ fmw035 



103 

AIMS Allergy and Immunology  Volume 7, Issue 1, 92–103.  

 

48. Drake MG, Bivins-Smith ER, Proskocil BJ, et al. (2016) Human and mouse eosinophils have 

antiviral activity against parainfluenza virus. Am J Respir Cell Mol Biol 55: 387–394. 
https://doi.org/10.1165/rcmb.2015-0405oc 

49. Domachowske JB, Bonville CA, Dyer KD, et al. (2000) Pulmonary eosinophilia and production 

of MIP-1α are prominent responses to infection with pneumonia virus of mice. Cellu Immun 200: 
98–104. https://doi.org/10.1006/ cimm.2000.1620 

50. Couper KN, Blount DG, Riley EM (2008) IL-10: the master regulator of immunity to infection. 

J Immunol 180: 5771–5777. https://doi.org/10.4049/jimmunol.180.9.5771 
51. Logan J, Navarro S, Loukas A, et al. (2018) Helminth-induced regulatory T cells and suppression 

of allergic responses. Curr Opin Immunol 54: 1–6. https://doi.org/10.1016/j.coi.2018.05.007 

52. Anuradha R, Munisankar S, Bhootra Y, et al. (2016) IL-10-and TGFβ-mediated Th9 Responses 
in a human helminth infection. PLoS Negl Trop Dis 10: e0004317. 

https://doi.org/10.1371/journal.pntd.0004317 

53. Xu X, Han M, Li T, et al. (2020) Effective treatment of severe COVID-19 patients with 
tocilizumab. Proc Natl Acad Sci USA 117: 10970–10975. 

https://doi.org/10.1073/pnas.2005615117 

© 2023 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 

Attribution License (http://creativecommons.org/licenses/by/4.0) 


