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Abstract 

Helminth infections likely provide a protective influence against some immune-mediated and 

metabolic diseases since helminth infection dramatically decreased in developed countries 

shortly before the explosive rise in the prevalence of these diseases.  The capacity of 

helminths to activate immune-regulatory circuits in their hosts and to modulate the 

composition of intestinal flora appears to be the mechanisms of protective action.   Animal 

models of disease show that various helminth species prevent and/or block inflammation in 

various organs in a diverse range of diseases.  Clinical trials have demonstrated that 

medicinal exposure to T. suis or small numbers of N. americanus is safe with minor, if any, 

reported adverse effects.  This includes exposure of inflamed intestine to T. suis, asthmathic 

lung to N. americanus, and in patients with atopy.  Efficacy has been suggested in some 

small studies, but is absent in others. Factors that may have led to inconclusive results in 

some trials are discussed.  To date, there have been no registered clinical trials using 

helminths to treat metabolic syndrome or its component conditions.  However, the excellent 

safety profile of T. suis or N. americanus suggests that such studies should be possible. 
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Mechanisms of helminth-induced protection from inflammation 

Immune dysregulation fuels development of many diseases like IBD, multiple 

sclerosis, rheumatoid arthritis, Type 1 diabetes and asthma/allergy.  Most of these diseases 

are frequent in developed nations, but much less common in less developed countries.  The 

rapidly increasing incidence of these diseases in industrializing regions of the world suggests 

that environmental factors are inducing the spread of these conditions around the world (1).  

The “inflammatory bowel disease hygiene hypothesis” was proposed to explain the 

proliferation of these diseases (2).  It asserts that modern day sanitation reduced exposure 

to organisms that provide protection from these conditions. It also suggests that changes in 

the composition of our intestinal flora and fauna plays a role, since one of our greatest 

exposures to organisms comes from within our gastrointestinal tract.   

Helminth infections were considered as a potential protective factor since their 

occurrence dramatically decreased in developed countries shortly before the great rise in the 

prevalence of immune-mediated diseases.  Improved sanitation and an increasingly clean 

food supply contributed to the demise of helminths. The inverse relationship of the 

prevalence of helminth infections and the frequency of immune-mediated diseases like IBD 

is supported by various clinical and epidemiologic studies (3). Their ability to inhabit the gut 

and other locations of mammalian and non-mammalian hosts probably developed many 

millions of years ago.  The close dependency of the parasite upon its host, and the 

processes of co-evolution and mutualism likely created this circumstance. 

Animal models of various human immune-mediated diseases show that helminth 

infections can prevent disease or even modulate ongoing inflammation.  These models have 

helped to define the mechanisms of disease protection. It appears that helminth infections 

activate immune-regulatory circuits in their hosts and modulate the composition of intestinal 

flora, which appear to be the mechanisms of action.  Since there are many different helminth 
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species living in different regions of their host, some of these species likely developed 

distinct approaches to modulate host immunity.   

The following discussion reviews what has been learned regarding mechanisms 

through which helminthic control inflammation in IBD.  Space limitations do not allow a 

similar discussion for other conditions.  However, pathways of regulation trend to echo 

among the various disease states and likely applies to effects on metabolism.     

 

Regulatory dendritic cells and control of mucosal inflammation 

 In animal models of IBD, helminths induce regulatory dendritic cells (DCs) that in 

turn can prevent or control intestinal inflammation.  In one such model, recombinase-

deficient (Rag) mice that cannot make functional T or B cells are reconstituted with IL10-/- T 

cells.  They subsequently develop colitis because their intestinal regulatory T cells (Tregs) 

cannot make IL10 (4).  Heligmosomoides  polygyrus bakeri (Hpb) is a murine helminth that 

resides in the proximal small bowel.  Rag mice infected with Hpb are protected from this (5) 

and other forms of colitis.  

 One of the mechanisms of protection involves induction of regulatory DCs in the 

intestinal mucosa (5).  The process of induction does not require the interplay of T or B cells.  

DCs isolated from the intestines or mesentery lymph nodes (MLN) of Hpb-infected Rag mice 

and transferred into other uninfected Rag mice will render these animals resistant to colitis 

and impede intestinal mucosa production of colitogenic cytokines like IFNγ and IL17 (6).  

This suggests that these DCs have an important role in protecting mice from the disease.   

The regulatory DCs limit intestinal T cell responses.  Colitis probably results from 

inappropriate effector T cell activation in the gut that drives the pathology.  Through a cell 

contact-dependent mechanism, the regulatory DCs probably induce T cell anergy preventing 

pro-inflammatory DCs from successfully activating the effector T cells that produce 
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colitogenic cytokines.  This regulatory process does not require Tregs, IL10, TGFβ, or IL4 

(6).  However, these cells do not prevent effector T cells from populating the gut or MLN. 

Hpb infection in the upper small bowel profoundly affects gene expression in DCs 

residing in distal regions of the gut.  There is substantial down-regulation of many 

components of the MHC antigen presenting complex including CD80, CD86 and CD40.  

There also is reduced expression of several intracellular signaling pathways like Jak1/2 and 

Syk, which drive production of proinflammatory cytokines that promote effector T cell 

differentiation and activation (7).   

Hpb infection also diminishes the expression of many of the germ line-encoded 

pattern recognition receptors displayed on intestinal DCs (7).  These receptors, which 

include the Toll-like (Tlr) and C-type lectin (CLEC) receptors (CTLR) among others, bind 

molecular motifs on bacteria, fungi, viruses or stressed hosts cells.  Ligation of these 

receptors trigger intracellular signaling that can determine if DCs will vigorously present 

antigen to effector T cells inducing their differentiation, proliferation and function, or perhaps 

render them inert.   

Many of the CLECs induce phosphorylation of Syk to stimulate DC activation 

promoting adaptive immunity and strong Th1/Th17 responses (8).  Subsequent studies 

revealed that Hpb infection inhibited Syk expression in intestinal DCs, which proved to be a 

profoundly important observation.   

Inactivation of Syk is a critical event that leads to the formation of regulatory DCs in 

the gut.  Transgenic DCs with a block in Syk expression, harvested from mice with no prior 

worm infection, will block colitis if they are transferred into a colitic mouse. Hpb produces a 

molecule(s) that quickly and selectively inhibits DC Syk and CLEC expression suggesting 

that these parasites directly target this pathway (9).  
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It remains uncertain how inactivation of the Syk signaling pathway in intestinal DCs 

blocks colitis and mucosal antigen-induced, T cell responses.  Syk–mediated downstream 

signaling leads to activation of proinflammatory pathways like NF-kB, NFAT and CARD9 

(10).  The Syk signaling pathway in DCs is important for inducing Th1/Th17 responses (11).  

In many murine models of IBD, poorly regulated effector T cells located in the gut respond to 

luminal antigens and release pro-inflammatory molecules like IFN and IL17 that drive the 

colitis (12).  These two cytokines commonly are expressed strongly in patients with either 

ulcerative colitis or Crohn’s disease (13) and appear to have a role in the disease process.  

Thus, down-modulation of Syk may decrease Th1/Th17 responsiveness leading to inhibition 

of IBD. 

 Other mechanisms also must be considered.  Blocking of Syk in WT DCs in vitro 

reduces their display of co-stimulatory markers (CD80, CD86) and MHC class II as well as 

secretion of pro-inflammatory cytokines (e.g. IL-12p40) (14).   Regulatory DCs from the gut 

of Hpb-infected mice have a similar phenotype (5, 7).  A known effect of regulatory DCs with 

impaired MHC complex expression is induction of T cell anergy due to delivery of defective 

costimulation to T cells (15).  Thus, induction of T cell anergy could be one of the 

mechanisms through which these regulatory DCs inhibit T cell responses that induce colitis.  

Bone marrow derived DCs pulsed with antigen from Hymenolepis diminuta and then 

transferred into mouse recipients will inhibit dinitrobenzene sulphonic acid (DNBS)-induced 

colitis. This protection by bone marrow derived rather than gut or MLN derived DCs appears 

to require animals that can express Th2 cytokines and IL10 (16). 

The importance of regulatory T cells 

 

In mice, Tregs in the gut produce IL10, which helps to prevent aberrant intestinal 

inflammation (17, 18).  In the distal bowel of normal healthy mice, about 25% of the lamina 

propria CD4+ T cells express Foxp3, a marker of Tregs (19, 20).  These cells likely restrain 
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the host immune response to the normal intestinal flora.  Two highly studied murine models 

of IBD, the Rag IL10-/- T cell transfer model and the Rag/CD25- CD4+ T cell transfer model, 

develop colitis because of Treg dysfunction.  These models illustrate the importance of 

Tregs for maintenance of normal mucosal immune homeostasis.   

H. polygyrus bakeri (Hpb) infection expands the number of regulatory-type T cells 

that make IL10 in the mesenteric lymph nodes (MLN) (21, 22) and intestinal lamina propria 

of its murine host (20).  This helminth also “activates” Tregs making them highly regulatory 

(20).  Foxp3+ T cells in the intestines of healthy helminth-naïve wild-type mice  afford no 

protection from colitis when transferred into the Rag/CD25- CD4+ transfer model of IBD.  

However, Foxp3+ T cells isolated from the colon, terminal ileum or MLN of Hpb-infected WT 

mice populate the gut and MLNs of the Rag recipients more readily and are able to prevent 

the disease (20).   

Mice treated with dextran sodium sulfate (DSS) develop colitis.  Mice immunized with 

Schistosoma mansoni soluble egg antigen develop milder colitis after DSS exposure.  The 

immunized mice display more Tregs and Th2 cytokines in the gut (23).   

Hpb infection induces intestinal Tregs to express several genes including   IL10 (20) 

and GATA3.  GATA3 is required for Tregs to accumulate at sites of inflammation.  It helps 

sustain high level Foxp3 and IL10 expression, which are needed for Tregs to protect mice 

from colitis (24-26).     

In the CD25-CD4+ T cell transfer model of IBD, the Foxp3+ IL10+ CD4+ T cell 

subset is essential for controlling the disease (20, 27-29).  IFN is a driver of colitis in most 

IBD models.  In the gut, the Hpb-activated Tregs control colitis partly through secretion of 

IL10, which inhibits production of IFN from mucosal effector T cells.  Other mechanisms of 

action are likely as well.  Other helminth species like Schistosoma mansoni (30) and 

Hymenolepis diminuta (31) also induce IL10 secretion.  Litomosoides sigmodontis 

suppresses B cells responses in the host through induction of IL10 and Tregs (32, 33). 
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Helminths still prevent colitis in IL10-/- mice (5, 21) in which the Tregs cannot make 

IL10.  The worm-induced, regulatory DCs (discussed above) also block colitis using 

mechanisms not dependent on Tregs and IL10.   Thus, there are at least two independent 

immune regulatory networks driven by Hpb infection that limit the expression of colitis. 

Helminths stimulate TGFproduction in the intestinal mucosa (34).   TGF 

engagement of TGF receptors on mucosal T cells is essential to prevent colitis (34).   TGF 

can induce CD4+ T cells to convert to regulatory T cells that make IL10 (19, 35).  However, 

isolated CD4+ Foxp3- IL10- T cells from the gut of uninfected healthy mice do not readily 

convert to their regulatory phenotype when cultured in vitro with TGF.   Yet, Intestinal CD4+ 

T cells from Hpb-infected mice convert to IL10 producers and many will express Foxp3 after 

just 3 days in culture with TGF (Weinstock, JV, manuscript in preparation).  TGF signals 

through the SMAD signaling pathway, which can be blocked by expression of SMAD7 (36).  

In the normal healthy state, intestinal CD4+ Foxp3- IL10- T cells express SMAD7 at high 

levels, which impedes TGF signaling and subsequent Treg development.  Hpb infection 

inhibits SMAD7 expression in gut T cells.  This allows strong TGF signaling leading to 

induction of IL10 producing regulatory T cells that can block colitis (Weinstock, JV, 

manuscript in preparation).  

It is appreciated that many patients with IBD have mucosal effector T cells that 

strongly express SMAD7 (37).  Murine Tregs have difficulty inhibiting colitis in the Rag/CD4+ 

CD25- T cell transfer model of IBD if the effector T cells strongly express SMAD7 (38).  

Human lamina propria mononuclear cells (LPMC) isolated from patients with IBD are more 

susceptible to Treg inhibition in vitro following blockade of SMAD7 expression (38).  An oral 

SMAD7 antisense oligonucleotide presently is under evaluation as a treatment for patients 

with Crohn’s disease (39).  Thus, the natural inhibitory effect of helminths on SMAD7 

expression could be a fundamentally important process through which helminths impede the 

development of IBD in people. 
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The excretory/secretory products of Hpb appear to contain a molecule that can bind 

the TGF receptor.  It can stimulate Foxp3 expression in splenic T cells (22). 

Regulatory macrophages can limit disease  

Helminths can induce alternatively activated macrophages which can help control 

murine IBD. The host response to helminths can generate cytokines like IL4, IL5 and IL10 

that modulate macrophage activation (40).  Such alternatively activated macrophages are a 

source for immune modulatory molecules like IL10 and TGFthat can block inflammatory 

responses (41).   

DSS administered orally to rodents damages the intestinal epithelial lining inducing 

gut inflammation.  Infection with Schistosoma mansoni induces regulatory macrophages that 

protect mice from DSS-induced injury. The process of protection requires adult schistosome 

flukes, but does not require regulatory cytokines like TGFβ and IL10, or Tregs (42).   A 

cysteine protease inhibitor (cystatin) of filarial nematodes protects mice from DSS colitis (43) 

possibly through inducing macrophages to make IL10 (44, 45).   Taenia crassiceps infection 

also provides mice protection from DSS injury at least at least partly through induction of 

alternatively activated macrophages (46). 

In dinitrobenzene sulfonic acid (DNBS)-induced colitis, infection with Hymenolepis 

diminuta protects mice from colitis through generation of alternatively activated 

macrophages in the colon.  These macrophages transferred into mice reduce DNBS-induced 

colonic inflammation once more illustrating their potential importance in limiting the disease 

process (47, 48).  In the DNBS model, alternatively activated macrophages work through an 

IL10-dependent mechanism to control the colitis (49). 

In the IL10-/- Rag model of IBD, Hpb infection induces regulatory macrophages in the 

gut of the Rag mice independent of T or B cells.  These intestinal regulatory macrophages 

inhibit antigen-induced, IL17 and IFNγ secretion in the gut via a contact-dependent 
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mechanism.  Also, when transferred into Rag mice, they protect animals from colitis attesting 

to their importance in controlling IBD (Weinstock, et. al., unpublished).  They develop and 

function independently from Tregs, IL10 and regulatory DCs. 

Hymenolepis diminuta infection induces CD19+ regulatory B cells in the host spleen.  

These cells transferred into naïve mice ameliorate DNBS-induced colitis in conjunction with 

regulatory macrophages and TGF (16, 50).  

Regulation of IL17 and IL6 

IL17 is an important proinflammatory cytokine.  Colonization with Hpb reduces IL17 

production by lamina propria and mesenteric lymph node T cells (51). Although Th17 cells 

help drive immune-mediated inflammation, their role in colitis is more complex.  Treatment of 

Crohn’s disease patients with a blocking anti-IL17R monoclonal antibody (AMG 827) that 

prevents IL17A, IL17F and IL25 (IL-17E) signaling, resulted in worsened disease or 

increased disease progression in about 30% of patients given active agent as compared to 

9% in those given placebo (52). In mice, IL17 responses are needed for effective host 

defense against intestinal pathogens like Citrobactor rodentium and Salmonella enterica 

serovar Typhimurium (53).  Mice exposed to Hpb have impaired resistance to enteric 

Citrobacter infection (54).  These findings show that balanced Th17 function is necessary for 

intestinal homeostasis.  Indeed, Th17 cells are diverse with subtypes promoting an 

inflammatory and others a regulatory skewed response (55).  Using reporter mice, we find 

that Hpb colonization alters intestinal Th17 plasticity, decreasing the proportion of 

inflammatory Th17/Th1 cells and increasing that of regulatory Th17/IL10 cells (Elliott DE, 

manuscript in preparation).   

Another proinflammatory cytokine that has a complex role in intestinal homeostasis is 

IL6, which promotes Th17 differentiation and also is made by Th17 cells.  Patients with 

Crohn’s disease or ulcerative colitis have increase IL6 production in their inflamed mucosa 

(56) suggesting that IL6 drives intestinal inflammation.  However, systemic blockade of IL6 
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signaling with anti-IL6R monoclonal antibody can induce intestinal ulceration (57) and 

exacerbated disease in a patient with ulcerative colitis (58).  IL6 signaling inhibits intestinal 

epithelial cell death, and loss of this cytokine may amplify mucosal injury (59).  Lamina 

propria and mesenteric lymph node cells from mice exposed to Hpb produce more IL6 

compared to those cells from helminth naïve mice.  IL6 signals through its receptor to 

activate STAT3 promoting cell survival (60).  Intestinal epithelial cells from helminth-

colonized mice display increased activated STAT3 expression which is dependent upon T 

cell IL6 production (Elliott DE, manuscript in preparation).  Intestinal epithelial cells from 

helminth-colonized mice also have less caspase 3 activation (a measure of apoptotic 

response) after injury than epithelial cells from naïve mice (Elliott DE, manuscript in 

preparation).  Thus, by decreasing inflammatory Th17/Th1 cells, but augmenting mucosal 

IL6, helminth exposure can promote repair while regulating inflammatory responses in the 

gut. 

 

Interactions between helminths and the intestinal microbiota have a role 

Bacteria in the intestines readily interact with intestinal epithelium, mucosal DCs and 

other cells of the mucosal immune system.  Hpb infection modifies the distribution and 

abundance of some intestinal bacteria (61).  There is an increase in Lactobacillaceae and 

Enterobacteriaceae species (62, 63). There also is an increase in Lactobacillaceae family 

members during Trichuris muris infection (64, 65).  Various bacterial species within this 

group inhibit intestinal inflammation in models of colitis (66, 67).   

A genetic loss in functional NOD2 (CARD15) gene expression renders humans and 

mice more susceptible to Crohn’s disease.  NOD2 deficient mice display a small intestinal 

goblet cell defect that compromises the mucosal layer allowing overgrowth of Bacteroides 

species which drive intestinal inflammation only in NOD2 deficient animals (68).  Infection 

with Trichuris muris or Hpb restores the goblet cell defect via the type 2 immune response 
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favoring the expression of protective Clostridiales in deference to harmful Bacteroides.  This 

change in flora protects the host from disease.   People undergoing deworming of helminth 

species like Trichuris trichiura display a similar shift in microbiota.  This suggests that 

deworming promotes Crohn’s disease in NOD2 deficient individuals via loss of helminthic 

effects on the composition of intestinal flora (68).  Clostridium species also are inducers of 

intestinal Tregs (19). 

Rhesus monkeys develop colitis.  Trichuris trichiura infection results in a milder colitis 

associated with reduced bacterial attachment to the epithelial surface, and changes to the 

composition of microbial communities attached to the intestinal mucosa (69). 

 

Helminth exposure and metabolic disease 

Helminths can regulate inflammation and chronic low-grade inflammation is 

associated with obesity, insulin resistance, and other components of the metabolic syndrome 

((70-73). The metabolic syndrome is defined as the occurrence of central (abdominal) 

obesity and at least two of the following four conditions; 1) elevated triglyceride level (≥ 150 

mg/dL (1.7 mmol/L)), 2) low HDL cholesterol  [< 40 mg/dL  (1.03 mmol/L*) in males and < 50 

mg/dL (1.29 mmol/L*) in females], 3) elevated resting blood pressure  (systolic BP ≥ 130 or 

diastolic BP ≥ 85 mm Hg), 4) elevated fasting plasma glucose [(FPG) ≥ 100 mg/dL (5.6 

mmol/L)].   Metabolic syndrome or its component conditions likely underlay many diseases 

of industrialized highly-developed countries such as cardiovascular disease (74), type 2 

diabetes (75), chronic kidney disease (76)), and nonalcoholic fatty liver disease (77). If 

helminths suppress inflammation, and inflammation is associated with metabolic disease, 

could loss of helminth exposure help fuel the emergence of metabolic disease?  Recent 

studies indicate this may be the case. 
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Populations in areas with prevalent helminth exposure provide opportunity to test if 

infection impacts obesity and other components of the metabolic syndrome.  In Chennai 

India, the prevalence of lymphatic filariasis is reduced in diabetic patients (5.7%) compared 

to non-diabetic subjects (10.4%) suggesting that carriage confers protection (78). Similarly, 

individuals with type 2 diabetes in Aboriginal communities of Northern Australia were much 

less likely to have a positive ELISA test for Strongyloides stercoralis infection ( 24.4%) 

compared to non-diabetic subjects (46.9%) (79). Furthermore, a cross-sectional study in 

Flores, Indonesia showed that individuals that harbor soil-transmitted helminths (Trichuris 

trichiura, Ascaris lumbricoides, Necator americanus, Ancylostoma duodenale, and/or 

Strongyloides stercoralis) had lower body mass index (BMI), total blood cholesterol, and 

LDL-cholesterol levels compared to uninfected subjects (80). Higher intensity of infections 

correlated with lower BMI and cholesterol levels.   Similarly, an autopsy study of 319 

cadavers in Khanty-Mansiisk Russia, a region with endemic Opisthorchis felineus infection, 

showed decrease in total cholesterol and diminished aortic atherosclerosis  that correlated 

with increase in infection intensity (81). 

Studies of animal models of metabolic disease show protection by helminth 

exposure. Infection of high-fat diet fed obese mice with Nippostrongylus brasiliensis or 

Schistosoma mansoni resulted in weight loss and increased insulin sensitivity (reduced 

insulin resistance) (82-84). Treatment with soluble schistosome egg antigens (SEA) or 

recombinant T2 RNase ω1 (an immunologically active component of the egg that induces 

Th2 responses) produced a similar result (85). Similarly, obese mice treated with LNFPIII, a 

Lewis X containing immunomodulatory glycan found in eggs of Schistosoma mansoni ,  had 

improved insulin sensitivity and reduced hepatic fat accumulation in association with 

increased IL10 production (86).   

Infection of atherosclerosis prone apolipoprotein E-deficient mice with Schistosoma 

mansoni reduced blood cholesterol and atherosclerotic lesions in the aortic arch and 

brachiocephalic artery by about 50% (87). Like apolipoprotein E-deficient mice, mice 
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rendered deficient  in low density lipoprotein receptor  (LDLR) and fed a high cholesterol diet 

are hyperlipidemic and readily develop antherosclerotic lesions.  LDLR-deficient mice treated 

with SEA had lower cholesterol  (~18% lower) and developed  smaller aortic root plaques 

(88).  ES-62, a phosphorylcholine containing secretory product of the filaria 

Acanthocheilonema viteae, reduced atherosclerotic lesion area by 62 % in lupus-prone FAS-

ligand deficient (gld) apoE-deficient mice (89).  Thus, like autoimmunity and immune-

mediated inflammatory disease, the recent meteoric rise of metabolic disease in 

industrialized highly developed  countries may by fueled by loss of previously ubiquitous 

helminth exposure. 

Clinical Trials of Helminthic Therapy for Immune-Mediated Disease 

Much of this review focuses on the effects of helminth exposure on intestinal 

immunity and how this may protect from immune mediated pathologic intestinal 

inflammation.  A successful parasite must acquire the ability to manipulate their host’s 

immune system.  Such manipulation could result in prevention or attenuation of many 

different immune-mediated diseases.  This effect is well demonstrated in several different 

animal models of immune-mediated disease.  These findings have prompted clinical trials 

employing helminth exposure (Table 1).  

Inflammatory bowel disease is a category of illnesses that includes Crohn’s disease 

and ulcerative colitis.  Crohn’s disease is a chronic ulcerating inflammation that can involve 

any part of the gut and can result in severe abdominal pain, malnutrition, intestinal fibrosis 

and obstruction as well as fistulization and abscesses.  Ulcerative colitis is a chronic 

ulcerating inflammation restricted mostly to the colon.  It can induce symptoms similar to that 

of Crohn’s disease, but is not associated with intestinal fibrosis, strictures or fistulization.   

Both can display remitting\relapsing behavior particularly early in the disease course.   
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Inflammatory bowel disease has been studied in clinical trials using Trichuris suis 

(pig whipworm) (90-94) or Necator americanus (human hookworm) (95) as therapeutic 

agents.  Early studies showed that use of intestinal helminths in patients with active intestinal 

inflammation was safe and suggested that such exposure reduced symptoms. A double-

blind placebo-controlled study of patients with longstanding (~8 years) ulcerative colitis and 

lengthy exacerbations (~11.5 months) showed statistically significant disease improvement 

in patients given 2500 T. suis ova every 2 weeks for 12 weeks (94).  That study included a 

blinded crossover limb for patients with continued disease activity (90).  More patients that 

were initially on placebo improved when crossed over to T. suis (56.3%) than patients that 

were initially on T. suis and then switched to placebo (13.3%, p=0.02).  No adverse side 

effects were recorded.  An open label study using T. suis (2500 ova every 3 weeks for 24 

weeks) in patients with longstanding Crohn’s also demonstrated safety and suggested 

efficacy with 72% achieving clinical remission (93).     

Two larger clinical trials using T. suis for active Crohn’s disease focused on enrolling 

patients with early disease with the expectation it would be easier to influence the immune 

process in these test subjects compared to that of patients with long established disease.  

However those studies were plagued by very high placebo response rates that obscured any 

potential clinical effect.  In addition, the parasite ova were prepared using different 

methodology and used at different dosages than that of the earlier studies which complicate 

interpretation of the results.  

 The European trial (Trust 2, NCT01279577) interim analysis suggested a dose 

response with the lowest of the three doses used (250 ova) being ineffective.  That low-dose 

limb was discontinued. Enrollment criteria then were relaxed to hasten completion of trial.  A 

high placebo rate occurred.  The U.S. study (Trust 1, NCT01279577) enrolled many patients 

with early disease that were mostly anti-TNFa treatment unresponsive.  This study also had 

an unexpectedly high placebo response rate. Both studies again confirmed the safety of T. 
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suis in this patient population.  However, the extraordinarily high placebo rates of remission 

left the over outcome of the studies indeterminate.   

Celiac disease is a common intestinal inflammation caused by delayed-type 

hypersensitivity to peptide antigens present in wheat, rye and barley gluten.  Celiac disease 

can cause abdominal discomfort, diarrhea, skin rash, malnutrition, intestinal ulceration and 

intestinal lymphoma.  Celiac disease has been studied in clinical trials of N. americanus  (96, 

97).  Helminth exposure altered mucosal adaptive and innate immune responses, but there 

was no significant attenuation of a response to gluten.  These studies used a gluten 

challenge of 16 g each day for 5 days which was clinically relevant, but immunologically 

quite aggressive.  As little as 50 mg of gluten can reliably precipitate a response in patients 

with celiac disease (98).  A second study to examine if helminth exposure can help 

desensitize patients to gluten has recently been completed (99).  This trial showed that the 

combination of hookworm exposure and low dose gluten exposure promoted mucosal 

tolerance defined as decreased intestinal T cell IFNγ expression and increased 

CD4+Foxp3+ T cell frequency compared to baseline.  The combination of helminth and 

gluten challenge also enhanced the diversity (operational taxonomic units) of the intestinal 

flora as compared to baseline challenge (100).  

Allergic rhinitis (AKA seasonal allergy, hay fever) is a common illness that has 

minimal morbidity, but  has high socioeconomic impact because it afflicts large numbers of 

people.  Allergic rhinitis has been studied in clinical trials of T. suis (101) or N. americanus 

(102).  Patients given T. suis had less use of medications, but otherwise no change in 

symptoms.  The timing of exposure to helminths in these studies was close to the seasonal 

onset of symptoms which may have limited their efficacy.  The studies showed that 

medicinal exposure to either of these helminths was safe with minimal adverse effects (102, 

103). 
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Peanut allergy is an immediate-type (type 1) hypersensitivity response to oral peanut 

exposure.  Patients with peanut allergy can develop itching, uticaria, vomiting/diarrhea, and 

severe potentially fatal anaphylaxis upon ingestion of even small amounts of antigen.  

Peanut or tree nut allergy has been studied in an open label clinical safety trial of T. suis 

(104).  The agent was well tolerated.  Overall, they found no change in skin prick sensitivity 

except one patient lost reactivity to peanut allergen.  Four patients reported improvement in 

seasonal allergy symptoms. 

Asthma is a chronic remitting and relapsing inflammatory response that constricts the 

lung airways.  Asthma exacerbations can cause wheezing, chest tightness, shortness of 

breath and death due to hypoxia.  Asthma has been studied in a clinical trial using N. 

americanus (105).  Sixteen weeks after initial dermal exposure, there was a trend for 

decreased airway responsiveness to adenosine monophosphate challenge in patients 

exposed to helminths vs. placebo which did not reach statistical significance.  Other 

measures of asthma control were not changed but the exposure to a helminth which passes 

through the lung parenchyma was well-tolerated in patients with underlying asthma. 

Plaque psoriasis is a common chronic patchy skin rash usually involving the extensor 

surface areas of the limbs and back.  It can be associated with arthritis and other organ 

involvement such as metabolic syndrome and heart disease.  Psoriasis can cause severe 

itching, pain and secondary skin infections.  Clinical trials of T. suis for plaque psoriasis have 

been initiated.  One study (NCT01948271) was terminated due to lack of efficacy.  The other 

studies were suspended due to lack of available study agent. 

Rheumatoid arthritis is a chronic inflammation of the membranes (synovium) that line 

joints, but can also involve other organs like the skin, lungs and kidneys.  Rheumatoid 

arthritis can cause painful swelling and eventual destruction of afflicted joints.  A clinical trial 

of T. suis for rheumatoid arthritis was initiated, but study status or results are not available. 
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Multiple sclerosis is a chronic progressive, though often with relapsing and remitting 

periods, inflammatory demyelinating disease of the central nervous system.  Multiple 

sclerosis causes dysfunction of the involved areas of the central nervous system resulting in 

focal loss of sensory, motor or autonomic capacity.  Multiple sclerosis shares many 

epidemiologic features with inflammatory bowel disease being much more common in 

temperate highly-industrialized countries where helminth infection is rare.  Also, IBD occurs 

with higher frequency in families with multiple sclerosis than in that of the general population.  

Case studies suggest that patients with concurrent helminth infection had reduced severity 

of multiple sclerosis (106) and eradication of helminths exacerbated disease severity (107).  

Multiple sclerosis has been studied in clinical trials of T. suis  (108-112) or N. americanus.  A 

initial small safety trial of T. suis in 5 patients with remitting/relapsing multiple sclerosis 

showed a decrease in new brain lesions and increase in serum IL4 and IL10 (109). The 

open label extension of that trial has completed (Fleming personal communication).  The 

interim analysis showed a modest reduction (36%) in active brain lesions vs observation 

period though this improvement may be explainable by natural regression toward the mean 

(110).  A small trial of 4 patients with secondary progressive multiple sclerosis treated with T. 

suis found that the frequency of peripheral T cells producing IL2 decreased and producing 

IL4 increased with helminth exposure (108).  Patients also had mild increases in peripheral 

eosinophil counts. Another safety study involving 10 patients with remitting/relapsing multiple 

sclerosis did not find clinical efficacy though they were unable to perform MRI with 

gadolinium contrast due to mistiming of the contrast injections (112).  Eight of the 10 patients 

developed eosinophilia suggesting helminth effect, but gene profiling of unstimulated 

peripheral blood did not show evidence of immune modulation.  There is concern that this 

study was too small and brief to conclude lack of efficacy.  Also, the patients were continued 

on various immune modulatory agents that could have affected the efficacy and vitality of the 

worms.  Other studies are ongoing, or if completed the results are not yet available.   
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Autism is a neurodevelopmental disorder typified by repetitive behaviors, restricted 

interests and impaired social understanding, social interaction, and ability to communicate.  

Autism is not a classical immune-mediated disease, but shares many epidemiologic features 

with those illnesses (113, 114).  Clinical trials of T. suis for treatment of autism were initiated.  

One small trial was completed and showed a trend toward improvement with T. suis 

exposure that did not reach statistical significance in the small study of 10 patients.  There 

were no significant adverse effects.  The other trials have been terminated due to lack of 

available study agent. 

Clinical trials to date have demonstrated that medicinal exposure to T. suis or small 

numbers of N. americanus is safe with minor, if any, reported adverse effects.  This includes 

exposure of inflamed intestine to T. suis, asthmathic lung to N. americanus, and in patients 

with atopy.  Efficacy has been suggested in some small studies, but is absent in others.  

However, for relapsing and remitting disease that characterizes many of the immune-

mediated illnesses, it can take a large number of participants to clearly demonstrate efficacy.  

Many of the negative studies to date have been too small to exclude a beneficial effect.  This 

is particularly problematic when there is a high placebo response rate.  Furthermore, the 

proper timing of exposure and number of repeated exposures prior to measuring 

immunologic and clinical effects remain in question.  What we have learned is that helminth 

treatment is well tolerated and is acceptable to many patients as a therapeutic option. 

Considerations for Clinical Trials of Helminthic Therapy for Metabolic Disease. 

To date there have been no registered clinical trials treating metabolic syndrome or 

it’s component conditions with helminths.   However, if preclinical studies continue to 

suggest the exposure to helminths may protect from metabolic syndrome and current clinical 

trials continue to show that exposure to helminths like T. suis  or low dose  N. americanus  

has a high safety profile, then it would be reasonable to propose such a trial incorporating 

lessons learned from clinical trials that have been performed.  
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For all clinical trials, it is important to clearly define the study population, primary and 

secondary endpoints, comparator therapy (e.g. placebo, best practices), treatment design, 

randomization/stratification process, oversight governance, and data evaluation method 

(115).  Preclinical studies of helminth exposure in animal models of metabolic disease will 

help guide selection of the study population and study endpoints.   An initial important 

criterion will likely be central obesity.   The determination of central obesity varies by agency 

and population group (ethnicity) resulting in different measures.   Central obesity is defined 

by the Adult Treatment Panel III guidelines in the US as having a waist circumference ≥ 102 

cm (40.2 inches) for men and  ≥  88 cm ( 34.6 inches) for women.  Other agencies such as 

the International Diabetes Federation (IDF) define  central obesity as having a waist 

circumference of≥ 80 cm (31.5 inches) for  all women and  ≥  94 cm (37 inches) for Europid 

men but ≥  90 cm (35.4 inches) South Asian, Japanese or Chinese men.   Due to ethnic 

variation, determination of central obesity by simple waist circumference becomes 

problematic and best determination is probably made by having a waist circumference to 

height ratio of greater than 0.5 in men and women (116).  Additional enrollment criteria will 

likely focus on the other components of the metabolic syndrome such as elevated 

triglycerides, low HDL cholesterol, elevated resting blood pressure, or insulin resistance 

(elevated fasting plasma glucose).  Each of these components has complex homeostatic 

regulation that can be transiently effected by emotional or physical stressors.  Therefore, 

study design will need to minimize contribution by potential confounders.  Double-blind 

placebo-controlled studies  mitigate confounder effects by distributing them randomly into all 

study limbs.  Placebo-controlled studies with either T. suis or N. americanus have been 

successfully performed though this is easier with orally ingested T. suis (which can cause 

transient loose stools) than dermally applied N. americanus (which can cause transient 

itching at inoculation site and abdominal discomfort).  Neither agent can be easily identified 

by patients in their stools.  
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Treatment design will be constrained by the expected rapidity of response.   T. suis 

began to influence ulcerative colitis disease severity (as measured by Simple index) after 6 

weeks of repeated exposure (90).  To elicit change in components of the metabolic 

syndrome, it is likely that patients will need repeated inoculation over several months.  If the 

endpoint condition is usually relatively stable over time then this is achievable.  However, if 

the condition waxes and wanes then patient numbers may need to be increased to 

accommodate variance over time.   The longer the study, the more difficult it is to enroll 

patients, the more patients become lost to follow-up, and the more expensive the study 

becomes.   Cumbersome treatment and testing procedures  also negatively impact 

participation.    

We did not find that use of helminths or “parasitic worms” deterred participation.  The 

vast majority of patients were not apprehensive about becoming colonized with helminths.  

Patients are often treated with medications that have long lists of adverse effects.  The 

central postulate of the hygiene hypothesis that our environment has become “too hygienic” 

is familiar to the general public.  Furthermore, we live in a “probiotic” era where patients are 

urged to ingest health-promoting organisms.  Instead, a greater concern is that patients are 

so enthusiastic about the potential of helminthic therapy that it augments placebo responses.   

Clinical trials of helminths or helminthic products are definitely doable.   Regulatory 

agencies are acquainted with T. suis and N. americanus.  Both organisms have good safety 

profiles in the dosages used in previous trials.  Preclinical studies are beginning to identify 

helminth products (SEA, ω1, LNFPIII, ES-62) that affect metabolic parameters.  These 

purified products will also be amendable to clinical study but will need Phase 1 safety trials 

and may require more difficult treatment protocols if they need to be frequently injected. 

 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Conclusion 

 

Animal models show that various helminth species prevent and/or block 

inflammation in various organs in a diverse range of diseases.  Many helminths use 

common approaches to accomplish this task.  These include stimulation of 

regulatory cytokine production, manipulation of DC function, Treg activation and 

modulation of macrophage activity.  The abrogation of one regulatory pathway will 

not necessarily lead to loss of protection from disease, since some of these 

mechanisms of immune regulation function independently and in tandem.   

Helminths have lived in close association with their mammalian hosts throughout the 

eons.  Because of this close association, they have evolved the ability to manipulate immune 

responses to promote their survival often without harm to the host. The study of helminth-

host immune interactions is revealing important immune regulatory circuits.  These circuits 

may be susceptible to pharmacological manipulation, leading to new and safe treatments for 

immune-mediated diseases.  Indeed, clinical trials to date have confirmed the safety of 

medicinal exposure to T. suis and N. americanus and have suggested that helminth 

exposure may be efficacious.  However, many of the limited trials to date have yielded 

indeterminate results. 
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Table 1: Clinical trials testing effects of helminth exposure on immune-mediated disease 

 

Disease Study/ID Agent/Dose Description  

Inflammatory 

bowel disease 

(Crohn’s and 

ulcerative 

colitis)  

Open-label 

pilot 

University of 

Iowa 

Trichuris suis,  

2500 

embryonated 

ova single oral 

dose (repeated 

dose in 2 

patients) 

Open-label study of 7 patients to 

determine safety of intestinal 

helminth exposure in patients with 

active intestinal inflammation. Most 

patients experienced clinical 

improvement. No adverse effects.  

Crohn’s disease Open-label 

trial, 

University of 

Iowa, USA 

T. suis,  

2500 

embryonated 

ova orally every 

3 weeks for 12 

weeks 

29 patients, most with longstanding 

disease. 79 % of patients had 

significant clinical improvement. No 

adverse effects.  

Ulcerative colitis Double blind 

placebo-

controlled 

trial, 

University of 

Iowa, USA 

T. suis,  

2500 ova orally 

every 3 weeks 

for 12 weeks 

54 patients, most with longstanding 

disease. Significant improvement in 

43% of helminth-exposed patients 

and 17% of patients given placebo.  

Statistically significant difference.  

No adverse effects.  

Crohn’s disease Open-label 

trial, James 

Cook 

University, 

AUS 

25-100 Necator 

americanus L3 

by dermal 

exposure  

9 patients (5 reinoculated between 

weeks 27-30).  Clinical improvement 

occurred in the majority with active 

disease but did not reach statistical 

significance.  Mild adverse effects 

including itching at site of inoculation 

and painful transient enteropathy 

occurred in reservoir donors.  

Crohn’s disease Dose 

escalation 

study 

NCT0143469

3 

T. suis single 

dose of 500, 

2500, 7500 ova 

orally vs placebo 

36 patients. Single dose well 

tolerated.  Adverse effects no 

different than placebo  
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Crohn’s disease Trust 1 

Double blind 

placebo-

controlled 

study 

NCT0157647

1 

T. suis 7500 ova 

orally every 2 

weeks for 12 

weeks. 

250 patients with early Crohn’s 

disease.  Study failed due to high 

placebo response and remission 

rates (~ 50%).   

Crohn’s disease Trust 2 

Double blind 

placebo-

controlled 

study 

NCT0127957

7 

T. suis at 3 dose 

levels 250, 2500, 

7500 ova orally 

every 2 weeks 

for 12 weeks 

212 patients with early Crohn’s 

disease.  Improvement in patients 

with most severe disease but did not 

reach statistical significance due to 

high placebo response/remission 

rates (~ 50%).  Only minor adverse 

effects 

Ulcerative colitis Double blind 

placebo-

controlled 

crossover 

study 

NCT0143347

1 

T. suis 2500 ova 

orally every 2 

weeks for 12 

weeks. 

18 patients (immunologic analysis 

also planned) - enrolling 

    

Ulcerative colitis Double blind 

placebo-

controlled 

study 

NCT0195354 

T. suis 7500 ova 

orally every 2 

weeks for 12 

weeks 

NCT0195354 

120 patients with extensive 

immunologic analysis. Study halted 

due to slow recruitment from need 

for extensive testing. 

Celiac disease Double blind 

placebo-

controlled 

study 

NCT0067113

8 

N. americanus 

10 L3 by 

dermally at 

week 0 with 

additional 5 L3 

at week 12.  

Five day 16g 

gluten 

challenge at 

20 patients with documented celiac 

disease. Exposed patients had 

alterations in innate and adaptive 

immune responses but no protection 

from aggressive gluten challenge.  
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week 20 . 

Celiac disease Open label 

pilot testing 

gluten 

desensitizatio

n in patients 

with celiac 

disease 

NCT0166193

3 

N. americanus 

10 L3 by 

dermally at week 

0 with additional 

10 L3 at week 

10.  Daily 10 mg 

gluten exposure 

from week 8 to 

week 16 

followed by daily 

50 mg gluten 

exposure to 

week 24. 

12 patients with documented celiac 

disease. The combination of 

hookworm exposure and gluten 

microchallenge promoted mucosal 

tolerance.   

Allergic rhinitis Double blind 

placebo-

controlled 

study 

EUCTR2007 

006099-12 

T. suis 2500 ova 

orally vs placebo 

every 3 weeks 

for 24 weeks 

100 patients mild diarrhea but no 

significant adverse effects.  Patients 

in active limb used less medications 

but otherwise no significant 

difference between study groups 

[88,103] 

Allergic rhinitis Double blind 

placebo 

controlled 

study 

NCT0023251

8 

N. americanus 

10 L3 by dermal 

exposure 

30 patients no significant adverse 

effects.  Exposure induced 

eosinophilia without potentiation of 

anti-allergen IgE. Efficacy not 

evaluated. 

Peanut or Tree 

Nut  Allergy 

Open label 

safety study 

NCT0107049

8 

T. suis 100 to 

2500 (depending 

on age of 

patient) ova 

orally every 2 

weeks for 12 

weeks. 

18 patients with peanut or tree nut 

food allergy.  No significant adverse 

effects. No change in skin prick 

sensitivity except one patient lost 

reactivity to peanut allergen.  . 

Asthma Blinded, 

randomized 

placebo 

controlled trial 

NCT0046998

N. americanus 

10 L3 by dermal 

exposure.  

Airway reactivity 

tested at 16 

32 patients. No significant adverse 

effects. No improvement in asthma 

control but trend for improvement in 

measures of airway reactivity. 
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9 weeks, 

Plaque psoriasis Open label 

safety study 

NCT0183693

9 

T. suis 2500 or 

7500 ova orally 

every 2 weeks 

for 10 weeks 

8 patients. Study suspended due to 

loss of availability of study agent. 

Plaque psoriasis Open label 

pilot study 

NCT0194827

1 

T. suis 7500 ova 

orally every 2 

weeks for 16 

weeks 

16 patients with moderate to severe 

plaque psoriasis.  Study terminated 

due to lack of efficacy. 

Plaque psoriasis Double blind 

placebo 

controlled 

study 

NCT0201126

9 

T. suis 7500 or 

15,000 ova orally 

every 2 weeks 

for 10 weeks 

25 patients. Study suspended due to 

loss of availability of study agent. 

Rheumatoid 

arthritis 

EUCTR2011- 

006344-71-

DE 

T. suis 2500 ova 

orally every 2 

weeks for 24 

weeks 

50 patients. Study status not 

available. 

Multiple 

sclerosis 

Open label 

safety study 

(HINT 1) 

NCT0064574

9 

T. suis 2500  ova 

orally every 2 

weeks for 12 

weeks 

5 patients with relapsing remitting 

multiple sclerosis. No significant 

adverse effects. Favorable MRI and 

immunologic effects suggesting 

potential efficacy. 

Multiple 

sclerosis  

Open label 

efficacy study 

(HINT 2) 

NCT0064574

9 

T. suis 2500 ova 

orally every 2 

weeks for 40 

weeks 

15 patients. No significant adverse 

effects. Interim analysis showed a 

modest reduction in active brain 

lesions vs observation period. 

Multiple 

sclerosis 

Open label 

safety study 

EUCT2009– 

015319-41 

T. suis 2500 ova 

orally every 2 

weeks for 24 

weeks 

4 patients with secondary 

progressive multiple sclerosis.  No 

significant adverse effects.  Systemic 

evidence for slight 

immunomodulatory impact. 
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Multiple 

sclerosis 

Open label 

safety study 

NCT0100694

1 

T. suis 2500  ova 

orally every 2 

weeks for 12 

weeks 

10 patients with relapsing remitting 

multiple sclerosis. No significant 

adverse effects. No clinical, MRI or 

immunologic evidence for efficacy. 

Multiple 

sclerosis 

Placebo 

controlled trial 

(TRIOMS) 

EUCTR2009- 

015319-41-

DE 

T. suis 2500  ova 

orally every 2 

weeks for 48 

weeks 

50 patients with relapsing remitting 

multiple sclerosis. Study results not 

available 

Multiple 

sclerosis 

Placebo 

controlled trial 

(WIRMS) 

NCT0147052

1 

EUCT2008- 

005008ZY-GB 

N. americanus 

25 L3 by dermal 

exposure.  

Efficacy 

evaluated at 9 

months after 

exposure 

72 patients. Study is completed but 

results not yet available. 

Autism Double blind 

placebo-

controlled 

cross-over 

study 

NCT0104022

1 

T. suis 2500 ova 

or placebo orally 

every 2 weeks 

for 12 weeks, 4 

week washout, 

then crossover 

10 patients. No significant adverse 

effects. Trend for treatment limb to 

be more beneficial than placebo but 

did not reach statistical significance. 

Autism  Double blind 

placebo-

controlled 

cross-over 

study 

NCT0214011

2 

T. suis 2500 ova 

or placebo orally 

every 2 weeks 

for 4 weeks 

followed by 7500 

ova every 2 

weeks for 12 

weeks, 4 week 

washout, then 

crossover 

20 patients.  Study terminated prior 

to enrollment. 
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Autism  Double blind 

placebo-

controlled 

study 

NCT0173494

1 

T. suis 2500 or 

7500 ova or 

placebo orally 

every 2 weeks 

for 16 weeks 

60 patients.  Study terminated due to 

lack of available study agent. 
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