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 INTRODUCTION 
 Geohelminth (also known as intestinal helminths and soil-

transmitted helminths) infections are caused by  Ascaris lumbri-

coides ,  Trichuris trichiura , hookworm ( Ancylostoma duodenale  

and  Necator americanus ), and  Strongyloides stercoralis  and are 

estimated to infect greater than 2 billion humans worldwide. 1  

Several other less-common helminth infections may have 

important effects on mucosal immunity ( Table 1 ), but these 

will not be considered further here. 

 Geohelminth infections are most prevalent among poor popu-

lations living in warm, moist climates in tropical and subtropical 

regions of low- and middle-income countries (LMICs), where 

access to sanitation and clean water is limited. Infections are 

acquired by ingestion of fecally contaminated food and water 

or direct contact with contaminated soil. Individuals living in 

endemic areas are commonly infected with more than one geo-

helminth parasite, and infections are generally acquired after 9 

months of age and may persist into adulthood through repeated 

infectious exposures. 

 The epidemiology of geohelminth infections in endemic areas 

is likely to have been influenced by two factors: (1) the process 

of urbanization in which increasingly greater proportions of 

the population are living in urban or urbanized environments, 

where the transmission of infections is localized to areas without 

sanitary infrastructure; and (2) anthelmintic treatment  programs 

using periodic treatments targeted at school-age children, the 

major reservoir of infection in endemic communities, have been 

implemented in many LMICs. Geohelminth infections are rela-

tively rare in high-income countries (HICs) such as the United 

Kingdom, where the few reported infections are detected in 

migrants or long-term travelers to endemic areas. 2    

 DISEASE CAUSED BY GEOHELMINTHS 
 Geohelminth infections are associated with significant morbid-

ity and mortality among children. The morbidity caused by geo-

helminth infections is strongly associated with infection intensity 

and may include anemia, 3,4  growth retardation, 5,6  and cognitive 

impairment. A recent meta-analysis of randomized interven-

tion studies indicated that anthelmintic treatment of school-age 

children might improve weight but not linear growth. 7  These 

effects were observed after single doses of anthelmintic drugs 

and further treatment doses did not appear to provide additional 

benefits. 7  There is limited evidence that anthelmintic treatment 

improves cognition or educational achievement. 7,8  Recent rand-

omized studies have provided evidence that preschool children 

who harbor low parasite burdens may benefit from anthelmintic 

treatment with increases in weight. 9,10  The mechanisms by 

which geohelminths affect ponderal growth may include altera-

tions in the absorptive capacity of the intestinal mucosa and 

the cachectic effects of pro-inflammatory cytokines (e.g., tumor 

 Mucosal immunology of geohelminth infections in 
humans    
  PJ       Cooper   1   ,   2   ,   3               

 There is limited data on the human mucosal immune response to geohelminths, but extensive data from experimental 
animals. Geohelminth infections may modulate mucosal immunity with effects on parasite expulsion or persistence 
and mucosal inflammation. Geohelminths are considered to have important effects on immunity to mucosal vaccines, 
infectious disease susceptibility, and anti-inflammatory effects in inflammatory bowel disease and asthma. This review 
will discuss the findings of studies of human immunity to geohelminths and their potential effects on non-parasite 
mucosal immune responses. Such effects are likely to be of public health importance in middle- and low-income 
countries where these parasites are endemic. There is a need for human studies on the effects of geohelminth infections 
on mucosal immunity and the potential for anthelmintic treatment to modify these effects. Such studies are likely to 
provide important insights into the regulation of mucosal immunity and inflammation, and the development of more 
effective mucosal vaccines.        

      1   Laboratorio de Investigaciones FEPIS ,   Quinind é ,  Esmeraldas Province ,  Ecuador   .         2   Instituto de Microbiologia, Universidad San Francisco de Quito ,  Quito ,  Ecuador   . 
        3   Centre for Infection, Department of Cellular and Molecular Medicine, St George ’ s University of London ,  London ,  UK   .       Correspondence: PJ Cooper ( pcooper@ecnet.ec )  

 Received 20 February 2009; accepted 1 April 2009; published online 29 April 2009.   doi:10.1038/mi.2009.14 



MucosalImmunology | VOLUME 2 NUMBER 4 | JULY 2009  289

REVIEW

necrosis factor- � , TNF- � ) arising from mucosal inflammation. 

Intestinal helminths impair epithelial barrier function causing 

increased mucosal permeability and intraluminal fluid accumu-

lation, 11  and such effects have been attributed to the upregula-

tion of T helper cell type 2 (Th2) cytokines. 12    

 HUMAN IMMUNE RESPONSE TO GEOHELMINTH 
INFECTIONS  
 Systemic immunity 
 The human immune response to helminth infections is associ-

ated with increased levels of IgE, tissue eosinophilia, and mas-

tocytosis, and the presence of CD4    +     T cells that preferentially 

produce interleukin (IL)-4, IL-5, and IL-13. 13 – 15  The develop-

ment of protective immunity to intestinal helminths in experi-

mental animals is dependent on the development of CD4    +     

Th2-type cytokine responses. 16  

 Human studies have shown that resistance to infection may 

be associated with the production of Th2 cytokines by periph-

eral blood leukocytes (PBLs): in the case of  A. lumbricoides  and 

 T. trichiura  infections, increasing levels of Th2 cytokines were 

associated with an age-dependent reduction in infection inten-

sity, 17  and increased susceptibility to re-infection was associated 

with weak Th2 cytokine responses; 15  in the case of hookworm 

infection, a study of infected adults from a highly endemic area 

of Papua New Guinea showed an association between levels of 

IL-5 and resistance to re-infection after treatment. 18  

 Th2 cytokines activate multiple effector mechanisms that may 

kill or expel geohelminth parasites and include the infiltration 

of mucosa with inflammatory cells, including Th2 CD4    +     T 

cells, eosinophils, mast cells primed with specific IgE, increased 

smooth muscle contractility, epithelial cell turnover, and mucus 

secretion. 16,19  Intestinal helminth parasites induce a generic Th2 

immune response in infected hosts, 16,19  and the specific mecha-

nisms that mediate protective immunity vary between different 

geohelminth parasites and parasite life-cycle stages.  

  Studies of mucosal immunity in humans   .   Geohelminth parasites 

have intimate contact with the mucosal immune system being 

separated from the intestinal tissues by a single layer of epithe-

lium. Although there are extremely detailed data of the mucosal 

immune response to intestinal helminth infections of animals, 

data of mucosal immune responses to geohelminths in humans 

are very limited. Major limitations for human studies are ethi-

cal and technical restrictions in sampling of mucosal sites in 

asymptomatic children living among populations with very 

limited access to health facilities. Most published studies have 

inferred immunological mechanisms by sampling of peripheral 

blood, 15,17,20  feces, 21  or saliva. 22  Studies using peripheral blood 

after mucosal vaccination can sample B cells 23  and T cells 24 – 26  

trafficking between mucosal sites. 27  Therapeutic studies of geo-

helminth infections in the treatment of inflammatory diseases in 

adults in HICs should provide new opportunities for the study 

of mucosal immunity during geohelminth infections by routine 

endoscopy and new diagnostic tools, such as wireless endoscopy, 

that permit sampling throughout the intestinal tract.   

  Changes in the intestinal mucosa associated with geohelminth 

infections   .   The expulsion of intestinal helminth parasites in 

animal models has been associated with marked changes in the 

intestinal mucosa characterized by villous atrophy, crypt hyper-

trophy, and increases in mucous-secreting goblet cells. 16,19,28  

The intestinal epithelium proliferates so that parasites that live 

partly or completely in the epithelium (e.g.,  Trichinella spiralis  

and  Trichuris  spp . ) are shed into the gut — the epithelial escala-

tor. 11  These changes may make the luminal environment more 

hostile and reduce the surface area for parasite attachment. 

Both parasite expulsion and intestinal enteropathy are Th2-

dependent. 28,29  

 Few studies have described the histological appearance of the 

human intestinal tract during helminth infections, which are 

summarized below:   

  (1)   A. lumbricoides  — The life cycle of  A. lumbricoides  includes 

a stage of larval migration through the lungs before the  juvenile 

  Table 1     Human helminth infections found at mucosal sites 
and important effects on mucosal immunity and disease 

    Helminths    Tissue site    Pathology    Therapeutic 
effect  

    Natural infections  

        Ascaris 
lumbricoides  

 Small 
intestine 

 Asthma /
 enteropathy 

 No 

        Trichuris 
trichiura  

 Large 
intestine 

 TDS / colitis  No 

      Hookworm  Small 
intestine 

 Enteropathy  Asthma /
 Crohn’s 
disease 

        Strongyloides 
stercoralis  

 Small 
intestine 

 Enteropathy  No 

        Wuchereria 
bancrofti  

 Lymphatics  TPE  No 

        Paragonimus  
spp 

 Lung 
parenchyma 

 Asthma  No 

        Schistosoma 
mansoni  

 Mesenteric 
veins 

 Enteropathy  No 

        Schistosoma 
haematobium  

 Vesical 
plexus 

 Urinary tract 
pathology 

 No 

        Schistosoma 
japonicum  

 Mesenteric 
veins 

 Enteropathy  No 

        Fasciolopsis 
buski  

 Small 
intestine 

 Intestinal 
ulceration 

 No 

          

    Zoonotic infections  

       Trichuris suis   Large 
intestine 

 Asymptomatic  Crohn’s 
disease /
 ulcerative 
colitis 

       Ascaris suis   Lungs /
 intestine 

 Asthma  No 

       Toxocara  spp  Tissues  Asthma  No 

        Ancylostoma 
caninum  

 Small 
intestine 

 Enteropathy  No 

     TDS,  Trichuris  dysentery syndrome; TPE, tropical pulmonary eosinophilia.   
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worms reach the small intestine and develop into adults. The 

migration of larvae through the lungs has been associated with 

the development of a transient asthma-like syndrome (Loeffler ’ s 

syndrome, pulmonary ascariasis, or eosinophilic pneumonitis) 

characterized by strong allergic-type reactions directed against 

migrating larvae that become trapped in eosinophil-rich granu-

lomas in the lung. 30  Pulmonary ascariasis may be most severe 

after previous episodes of sensitization in areas where infec-

tion is transmitted seasonally, 31  and appears to be rare in areas 

where transmission  occurs throughout the year. 32  There is little 

or no data on the human mucosal response to adult  A. lum-

bricoides  worms in the intestinal tract during uncomplicated 

infections. Studies of natural infections with  Ascaris suis  in pigs 

have shown an unremarkable mucosal reaction to the presence 

of adult worms characterized by little or no change in the num-

bers of eosinophils and mast cells, 33  but increased IgA and IgM 

plasma cells in the jejunal mucosa. 34  

  (2)   T. trichiura  — After ingestion of infective eggs, the infec-

tive larvae of  T. trichiura  are believed to hatch in the jejunum 

and within a week migrate to the cecum, where the adults bury 

their heads in the epithelium. 35  Adult worms may  extend from 

the cecum to the rectum during heavy infections. Lightly in-

fected children are generally asymptomatic, 36  but heavy infec-

tions may be associated with colitis 36  or rarely a dysentery-like 

syndrome ( Trichuris  dysentery syndrome or TDS). 37  Little is 

known about the human response to initial infections with  T. 

trichiura . Histological examination of the small bowel during 

chronic infections with  T. trichiura  is generally normal. Colon-

ic biopsies of children with chronic trichuriasis were indistin-

guishable from local controls except in the region of the worm 

head where the epithelium was flattened. 38  Comparisons of 

colonic biopsy samples between infected children and local 

controls showed a mild to moderate inflammatory infiltrate 

in the lamina propria in both groups, and similar numbers of 

lamina propria CD3    +     and CD8    +     T cells and levels of epithe-

lial MHC class II expression. 38  However, increased numbers of 

IgM plasma cells and reduced numbers of intraepithelial T cells 

were observed in infected children. 38  A study comparing rec-

tal biopsy samples between children with TDS and local con-

trols showed that children with TDS had significantly greater 

number of IgE    +     mast cells in the sub-epithelial region of the 

mucosa, 37  and electron microscopy showed prominent degran-

ulating mast cells in parasitized children that was associated 

with high rates of spontaneous histamine release from tissue 

biopsies, 37  indicating that immediate hypersensitivity reactions 

were ineffective in expelling  T. trichiura  adults. 37  Children with 

TDS have increased numbers of mucosal cells expressing TNF-

 �  and increased levels of TNF- �  in the peripheral circulation 

and TNF- �  production by isolated mucosal cells. 39  

  (3)  Hookworm — Adult worms live with their anterior ends dug 

deep within the mucosa of the distal duodenum and proximal je-

junum. Data on primary infections with hookworm in humans 

have been obtained from experimental human infections with  N. 

americanus  and have shown little attrition of hookworm larvae 

during systemic migration, 40,41  and no apparent pulmonary reac-

tions to migrant larvae. 40 – 43  However, all experimentally infected 

individuals developed eosinophilic enteritis, accompanied by 

blood eosinophilia 40 – 44  and the presence of Charcot – Leyden crys-

tals in feces. 21  The reactions were restricted to immature worms, 

and during repeat infections, the mucosal histology was normal at 

sites adjacent to mature worms. 41  Chronic hookworm infections 

are generally associated with a normal-appearing mucosa — a 

study of 28 infected patients failed to find total villous atrophy in 

any in the upper small bowel, and only 4 had partial villous at-

rophy, crypt hyperplasia, and increased inflammatory infiltrate in 

the lamina propria, 45  consistent with  previous studies. 46,47  

  (4)   S. stercoralis  — Eggs produced by females buried in jejunal 

mucosa rapidly transform into rhabditiform larvae that can 

become flariform within 24   h and may penetrate the colonic 

mucosa causing autoinfection. Jejunal histology tends to be 

normal during chronic infections. 48,49    

 In summary, during first infections with geohelminth parasites, 

 A. lumbricoides  but not hookworm infections stimulate a vig-

orous inflammatory response in the lungs to migrating larvae. 

Establishment of infections in the intestinal tract may be associated 

with eosinophilic enteritis during infections with juvenile hook-

worms. Chronic intestinal infections are associated with minimal 

inflammatory response in the mucosa and mild histologic alterations 

(e.g., partial villus atrophy), reflecting active immune regulation 

by host and or parasite. A study of duodenal biopsy samples from 

individuals infected with geohelminths and noninfected controls 

showed expression of IL-5 in both groups but few other changes. 50  

 Clearly, the histological picture and immunological effects in 

the mucosa will vary between individuals and may depend on 

an individual ’ s history of infection (e.g., maternal infection, age 

of first infection, and intensity of transmission), present parasite 

burden, and host genetics. Thus, a complex array of factors deter-

mine immunological outcomes in individuals and may explain 

the difficulties in the interpretation of  ex vivo  immunological 

data in humans compared with animal models that are often 

single genetic strains receiving well-defined infectious doses at 

single or, occasionally, multiple time points. Geohelminth infec-

tions in humans may have profound effects on human immu-

nity that may be programmed in early life, 51,52  and may be only 

 partially reversible by long-term anthelmintic treatment. 53  

 Chronic infections in some individuals may be associated with 

severe inflammation (e.g., TDS) but most children are likely to 

be asymptomatic. Chronic infections downregulate inflamma-

tory responses in the intestinal mucosa to avoid the long-term 

consequences of an inflamed intestinal mucosa on host nutrition. 

During initial infections, benefit to the host may be obtained by 

mounting inflammatory responses to expel parasites. 

 The minimal effects of chronic infections on mucosal inflam-

mation and histology may indicate profound immune regula-

tion. The mechanisms by which chronic human geohelminth 

infections modulate mucosal immunity in the presence of 

infection are poorly understood but are likely to include those 

described for animal models of helminth infection including the 

suppression of dendritic cell responses to TLR ligands 54,55  and 

the capacity to produce IL-12, 54,56  resulting in a Th2-predomi-

nant environment that promotes the development of alterna-

tively activated macrophages 57  and immune cells that produce 
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the anti-inflammatory cytokine, IL-10. Populations of regulatory 

T cells (Tregs) are important mediators of immune regulation 

in animal models including the so-called natural CD4    +     Tregs 

that are CD25    +     and FoxP3    +    . 58  

 Putative mechanisms that have been identified as important 

in the modulation of immunity  ex vivo  in PBLs collected from 

individuals infected with tissue helminths (e.g., filarial and 

schistosome infections) may be relevant to the modulation of 

mucosal inflammatory responses during geohelminth infec-

tions. During chronic tissue helminth infections, immune cells 

have been shown to produce high levels of IL-10  in vitro , 59 – 63  

and neutralization of IL-10 and or transforming growth fac-

tor- �  (TGF- � ) partially reversed this hyporesponsiveness. 59 – 62  

The majority of IL-10-expressing cells in human filarial infec-

tions were CD4    +     CD25    −     T cells, although many other immune 

cell types expressed IL-10 also. 64  CTLA-4, which provides an 

inhibitory signal for T-cell co-stimulation, was more frequently 

present on T cells of patients with chronic filarial infections com-

pared with uninfected controls, and neutralization of CTLA-4 

enhanced Th2 cytokine production. 65  Exposure of PBLs from 

infected patients to live larvae or microfilariae of  Brugia malayi  

caused a profound suppression of cytokine responses that was 

associated with reduced transcription of T-bet and GATA-3, 

increased expression of FoxP3 and other regulatory markers 

(e.g., CTLA-4, TGF- � , PD-1, and ICOS), enhanced induction 

of anergy-associated factors (e.g., cbl, Itch, and Nedd4), and was 

reversed by neutralization of CTLA-4 and TGF- � . 66  

 There is limited evidence for increased IL-10 production 

during human  A. lumbricoides  infection 14,67  or increased fre-

quencies of parasite antigen-induced T cells expressing IL-

10, 67  and no evidence for alteration of cytokine responses by 

PBLs after neutralization of IL-10 or TGF- � . 14  A small study 

of children infected in Cameroon provided some evidence for 

increased production of IL-10 and TGF- � 1 by unstimulated 

PBLs that were associated positively with infection intensi-

ties with  A. lumbricoides  and  T. trichiura  and inversely with 

immune reactivity. 68  PBLs from humans infected with hook-

worm show different responses to antigens from different 

parasite life-cycle stages compared to egg-negative individuals 

with impaired proliferation to larval L3 antigen and reduced 

cytokine responses to adult worm excretory / secretory (E / S) 

antigens. 69  Furthermore, dendritic cells generated  in vitro  from 

infected individuals and cocultured with adult E / S antigens had 

lower expression of CD86, CD1a, HLA-ABC, and HLA-DR, 

and a reduced capacity to promote cell proliferation. 70  No con-

sistent effects, however, were observed of hookworm infection 

on IL-10 secretion. 69,71  

 There are few reported studies of the effects of geohelminth 

infections on mucosal immunity in humans. There is a need 

for studies of mucosal immune responses during infection that 

compare well-defined groups of geohelminth-infected patients 

with appropriate controls. Prospective studies could examine 

histological and immunological changes in mucosal immunity 

before and after experimental infections (e.g., therapeutic hook-

worm infections) or before and after treatment in chronically 

infected individuals (i.e., reversibility). 

 A common finding among apparently healthy individuals liv-

ing in the tropics is tropical or environmental enteropathy char-

acterized by small intestinal changes of partial villous atrophy, 

crypt hypertrophy, and an increased inflammatory infiltrate. 72 – 75  

Biopsy samples of the large intestine show a nonspecific inflam-

matory infiltrate in the colon. 76  Chronic geohelminth infections 

may contribute to these findings but so may other factors such 

as undernutrition, other intestinal parasite infections, bacterial 

pathogens, and extensive bacterial colonization of the upper 

small intestine. 77     

 Potential effects of geohelminths on nonparasite immune 
responses 
 There has been considerable interest in the potential effects 

of geohelminths in modulating inflammatory diseases of the 

mucosa, and these parasites may have important effects on the 

immune response to oral vaccines and susceptibility to other 

infectious diseases.  

  Asthma   .   The prevalence of asthma has increased over recent dec-

ades and it is now the commonest chronic disease of childhood 

in HICs 78  and is estimated to affect at least 20 %  of school-age 

children in the United Kingdom. 79  The prevalence appears to 

be increasingly in LMICs, particularly in urban centers of Latin 

America where the prevalence has reached alarming rates. 79,80  

These temporal trends in asthma prevalence are likely to have 

been caused by changes in environmental exposures such as 

lifestyle and hygiene-related factors. 80 – 82  

 There has been considerable interest in the potential protec-

tive effects of helminth parasites against allergic inflammation. 

Experimental animal models have provided clear and compelling 

data to support the hypothesis that intestinal helminth infections 

can modulate inflammation in the airways. 83,84  The intestinal 

helminth,  Heligmosoides polygyrus , that does not migrate through 

the lungs, has been shown to suppress allergen-induced airway 

eosinophilia 85,86  and bronchial hyperreactivity 85  induced by sen-

sitization with ovalbumin (OVA) 85,86  or  Dermatophagoides ptero-

nyssinus  allergen p 1 (Der p 1). 86  Suppression was transferable to 

uninfected animals by splenocytes 85  or mesenteric lymph node 

cells, 86  and was associated particularly with CD4    +    CD25    +     T cells. It 

is unclear whether the mechanism of suppression is IL-10-depend-

ent 85 – 87  or whether other cell populations can transfer suppression. 

 Nippostrongylus brasiliensis , an intestinal helminth parasite used 

as a model for human hookworm infection, that migrates tran-

siently through the lungs can induce macrophages to acquire an 

alternatively activated phenotype during primary infections, 88  and 

infections are associated with a protracted suppression of airway 

hyperreactivity and inflammation to  D. pteronyssinus . 89  

 Findings from human studies have been less compelling. There 

is some evidence that geohelminth infections may, under dif-

ferent circumstances, be protective or risk factors for asthma. 90  

However, helminth infections in human populations are just one 

of many interacting environmental and genetic factors that may 

determine asthma development. Further complexity is provided 

by age- and intensity-dependent exposure effects and multiple 

asthma phenotypes (e.g., atopic vs. non-atopic) 91,92  that appear 
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to be associated with different patterns of risk factors 93,94  and 

genetic predisposition. 95  

 A recent meta-analysis of observational epidemiological stud-

ies showed an inverse association between asthma and hook-

worm infection from three studies conducted in Ethiopia, 96 – 98  

but a positive association between  A. lumbricoides  infections 

and asthma risk in other regions. 99  Several more recent studies 

have reported positive associations between the presence of anti-

 Ascaris  IgE 100 – 102  or active  A. lumbricoides  infection 94,103,104  and 

asthma symptoms or bronchial hyperresponsiveness (BHR) in 

low-prevalence populations.  A. lumbricoides  infections could 

enhance airways reactivity by the inflammatory effects of migra-

tory larvae in the airways or by Th2-adjuvant effects of parasite 

antigens 105  on immune responses to aeroallergens. The observa-

tion of an inverse association between hookworm infection and 

asthma has motivated therapeutic studies evaluating the role of 

hookworm infection in the treatment of asthma. 106  

 Chronic helminth infections are associated with potent sup-

pression of allergic inflammatory responses directed against the 

parasite, 90  but it is less clear whether such infections can modu-

late allergic inflammation directed against nonparasite allergens 

such as aeroallergens that have been most commonly associated 

with allergic inflammatory processes. 

 Allergic sensitization or atopy in humans can be determined 

by measurement of allergen-specific IgE in serum or skin test 

reactivity to allergen extracts.   Parasite-antigen-induced IL-10 

has been shown to be inversely associated with allergen skin 

test reactivity during  Schistosoma haematobium  infections. 107  

The same study showed also that increasing levels of IL-10 

appeared to reduce the risk of a positive skin test to  D. pteron-

yssinus  associated with the presence of a given level of specific 

IgE. 107  However, a study of immunologic parameters associated 

with allergen skin test reactivity among geohelminth-infected 

children was unable to show any association with  Ascaris  anti-

gen-induced production of IL-10 by PBLs or IL-10 expression 

by T-cell populations, or any effect of these immune variables 

on the association between specific IgE and skin test reactiv-

ity to aeroallergens. 67  There is some evidence that helminth-

infected asthmatics have a more attenuated form of disease than 

do noninfected asthmatics. 108  Peripheral blood mononuclear 

cells (PBMCs) from infected asthmatics produce higher levels 

of IL-10 to Der p 1 than noninfected controls. 109  

 The effects of geohelminth infections on anti-parasite immune 

responses may be partially reversed by long-term anthelmintic 

treatment. 53,110  If geohelminths were to be actively suppressing 

allergic responses, anthelmintic treatment might be expected to 

reverse this effect. Two small intervention studies have provided 

evidence that anthelmintic treatment of children may increase 

allergen skin test reactivity, 111,112  but a much larger randomized 

controlled trial was unable to replicate these findings and showed 

no treatment effect on asthma symptoms. 113  A study investigating 

the effects of anthelmintic treatment on asthma symptoms in pop-

ulation with a low prevalence of infection observed an improve-

ment in symptoms after treatment. 114  The discrepant findings 

between studies might be explained by differences in the type of 

and prevalence of parasites between different populations. 51  

 Early infant or even maternal geohelminth infections may 

have profound long-term effects on infant immunity 52  that may 

include suppression of allergic responses to nonparasite aller-

gens, 115  and these effects may not be reversible by anthelmintic 

treatment at school age. 51,113  There is clearly a need for prospec-

tive studies to evaluate the effects of early geohelminth infections 

on the early development of mucosal immune responses and the 

development of asthma and other atopic diseases. Such studies 

should start from birth with follow-up to school age when aller-

gic disease outcomes can be more reliably determined. 

 An important observation from epidemiological studies has 

been the apparent disassociation between allergic sensitization 

and the risk of asthma symptoms, 116  particularly in developing 

regions of the world such as Latin America. 80,94,117,118  Phase II 

of the International Study of Asthma and Allergies in Childhood 

(ISAAC) showed stronger associations between atopy and 

asthma in HICs compared with LMICs: 118  the proportion of 

asthma attributable to atopy in Brazilian and Ecuadorian centers 

was just 11 % . The observations of weak associations between 

asthma and atopy and recent genetic studies that point to an 

underlying epithelial abnormality 119  make it unlikely that 

allergic sensitization has a primary role in the development of 

asthma. If this is the case, then most current animal models 

of asthma that are based on the induction of BHR by allergen 

sensitization may be flawed. Such a paradigm shift in asthma 

research has important implication for the study of the effects 

of helminths on asthma. Future human studies should focus 

on subgroups of patients (i.e., those with atopic asthma) to 

investigate the effects of geohelminths on mucosal immunity 

to aeroallergens in the lungs. Therapeutic studies of the effects 

of hookworm infection on asthma will provide opportunities 

to study such effects under well-controlled conditions although 

ethical issues may preclude the study of chronic and high-inten-

sity infections.   

  Inflammatory bowel disease   .   Inflammatory bowel diseases (IBD) 

including Crohn ’ s diseases and ulcerative colitis are associated 

with impairments in epithelial dysfunction and dysregulated 

immune responses to normal commensal enteric bacteria. 120  

The development of IBD is associated with complex gene – envi-

ronment interactions. 121  IBD has increased in prevalence over 

recent decades in HICs, 122 – 125  and it has been suggested that 

these trends may be explained by improved hygiene and the 

disappearance of geohelminth infections. 126  If such a hypoth-

esis was true then we might expect to see an increase in the 

prevalence of IBD in many LMICs where helminth parasites are 

becoming less prevalent, and there is some evidence that this 

might be the case. 127,128  

 Several models have shown that infections with intestinal 

helminths 129 – 131  and other helminth parasites 126,132  can amel-

iorate chemical-induced colitis. Furthermore, the Th2 response 

induced by the intestinal worm,  H. polygyrus , has also been 

shown to attenuate experimental gastritis caused by  Helicobacter 

pylori  infection. 133  The mechanisms by which helminths may 

protect against chemical-induced inflammation of the intestine 

may include the induction of a Th2-dominated cytokine milieu 

in the intestinal mucosa, 134,135  downregulation of Th1 131,136,137  
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and Th17 mucosal responses, 138  upregulation of IL-10 and TGF-

 �  by mucosal immune cells, 128,135  the induction of alternatively 

activated macrophages in the intestinal mucosa, 139  and by regu-

latory effects on mucosal innate immune responses. 140 – 142  

 The regulatory effects of intestinal helminths may not be 

restricted to the sites of infestation but may extend to distal 

mucosal sites. 135  Promising results have been obtained by the 

treatment of mice with helminth parasite products such as schis-

tosome eggs, 143  schistosome adult worm antigen, 144  and hook-

worm excretory / secretory proteins. 144  Future studies are likely to 

focus on protection mediated by parasite components. However, 

not all experimental animal models have shown a beneficial 

effect of intestinal helminths on intestinal inflammation — a 

model of Th2-induced chemical colitis showed that concurrent 

intestinal helminth infections may exacerbate disease. 145  

 Several research groups have evaluated the usefulness of thera-

peutic infections with intestinal helminths in IBD patients. The 

first parasite used was pig whipworm,  Trichuris suis , that does 

not cause disease in humans 146 – 148  although it may be tissue 

invasive. 149,150  This treatment has been used extensively in the 

United States and Europe 151  although there is still very limited 

published literature documenting the effects of this treatment in 

humans ( Table 2 ) and a single randomized controlled trial of 54 

patients with ulcerative colitis. 147  All studies have reported tem-

porary improvements in symptoms. 146 – 148  None have reported 

the impact of these therapeutic infections on immunological 

or inflammatory parameters in the mucosa. There is a need 

for detailed prospective evaluations of mucosal immunity in 

the intestine during therapeutic infections with helminth 

parasites. 

  T. suis  remains an investigational treatment with unproven 

efficacy — treatment with  T. suis  ova may be useful in specific 

subgroups of patients with IBD and large multicenter rand-

omized trials that are in progress should define the therapeutic 

role if any for this treatment. 128  The lack of symptoms associ-

ated with  T. suis  infection would suggest that any modulatory 

effects on mucosal inflammation is mediated directly by the 

parasite and may last only for the duration of this self-limiting 

infection. It is unlikely that the host would respond to an appar-

ently innocuous infection by the induction of potent regulatory 

mechanisms. More recently, the therapeutic effects of  N. ameri-

canus  infections for the treatment of Crohn ’ s disease have been 

evaluated in a small  “ proof of concept ”  study and provided some 

evidence for reductions in disease activity scores in a group of 

9 patients. 21  

  Co-infections 

  Infectious inflammation of the large intestine.  Infectious colitis 

is extremely common among children under 5 years of age in 

the rural tropics and is caused by pathogens such as enterohe-

morrhagic and enteroinvasive  Escherichia coli ,  Shigella  spp, and 

 Campylobacter jejuni . 152  Mucohemorrhagic diarrhea may occur 

during  T. trichiura  co-infections with amoebiasis and shigel-

losis, 153  but a hospital-based study in rural Ecuador was unable 

to show such an association. 154  Recent observations in experi-

mental murine models and pigs infected with  T. suis  suggest 

that concurrent geohelminth infections may suppress mucosal 

immunity sufficiently to cause severe bacterial colitis. 

  Citrobacter rodentium  is a Gram-negative bacterial pathogen 

used as a model for enteropathogenic  E. coli  infections. Mice 

co-infected with  H. polygyrus  and  C. rodentium  developed 

severe colitis associated with significant morbidity and mortal-

ity. 134  The increased pathology observed in co-infected mice 

was STAT6-dependent, associated with enhanced mucosal Th2 

responses, a downregulation of protective interferon- �  (IFN-

 � ) responses, and marked upregulation of pro-inflammatory 

TNF- �  by the intestinal mucosa. 134  Subsequent studies using 

the same model showed that the colitis was associated with IL-

10-producing dendritic cells 140  and that alternatively activated 

macrophages in the lamina propria were impaired in bacteria 

killing. 139  

 Mucohemorrhagic enteritis, a severe necrotic colitis of pigs, 

has been described after inoculation with  T. suis  and may be 

caused by overgrowth of resident bacteria. 155  Furthermore, pigs 

co-infected with  C. jejuni  and  T. suis  develop a more severe coli-

tis than those infected with either pathogen alone, 156  but may be 

mediated partly by toxic effects of  Trichuris  excretory / secretory 

products on intestinal epithelial cells. 157  

  Tuberculosis, HIV, and malaria.  There is an extensive literature 

of the potential effects of geohelminth infections on suscepti-

bility to infections with  Mycobacterium tuberculosis , 158  human 

immunodeficiency virus, 159,160  and malaria. 161  Although there 

may be measurable immunological effects arising from these 

interactions, there is still no compelling data to support sig-

nificant clinical effects of geohelminths on these infections. 

However, few studies have measured such effects and there is 

a need for large, adequately powered and designed studies in 

endemic populations to investigate these interactions. 

  Leishmaniasis.  Patients with cutaneous leishmaniasis and 

infected with geohelminths have delayed healing after antimony 

treatment and increased IL-5 compared with those without geo-

helminths. 162  There is some experimental evidence to support an 

interaction between helminths and  Leishmania  infection — mice 

infected with  Taenia crassiceps  and subsequently co-infected 

with  Leishmania major  and  L. mexicana  had increased Th2 and 

decreased Th1 cytokine responses associated with enhancement 

of disease. 163  Impaired immunity caused by geohelminths could 

contribute to the risk of mucocutaneous disease associated with 

previous infections with  Leishmania braziliensis . 

  Helminth interactions.  Humans living in endemic areas for 

geohelminth parasites are commonly infected with multiple 

geohelminths, although it is not clear whether the specific pat-

terns of co-infections are a consequence of shared risk factors or 

immune or other interactions. 164  Murine experimental models 

have shown that when mice normally susceptible to  T. muris  

infection are co-infected with  Schistosomiasis mansoni , they 

develop the ability to expel  T. muris  by a Th2-cytokine-asso-

ciated mechanism. 165  Furthermore, mice chronically infected 

with  T. muris  and subsequently co-infected with  S. mansoni  

developed higher worm and hepatic egg burdens than those 

without  T. muris  infection. 166   T. muris  infection was associ-

ated with reduced trapping of  S. mansoni  larvae in the lungs 



294 VOLUME 2 NUMBER 4 | JULY 2009 | www.nature.com/mi

REVIEW

 indicating that chronic  T. muris  infections may have potent 

immune regulatory effects that extend beyond the intestinal 

tract. 166  An  H. polygurus  and  S. mansoni  co-infection model 

showed that the intestinal helminth infection attenuated hepatic 

pathology caused by  S. mansoni  eggs and reduced pro-inflam-

matory cytokine production. 167     

  Mucosal vaccines   .   Mucosal vaccines stimulate immune cells in 

mucosal-inductive sites and induce both mucosal and systemic 

immunity. Mucosal vaccines can be delivered to mucosal sur-

faces through the rectal, vaginal, conjuntival, oral, and nasal 

routes. Currently there are few mucosal vaccines being used 

extensively in human populations — trivalent oral poliovirus 

(OPV) and oral rotavirus vaccines are the only examples — but 

there are a large number under development and it is likely that 

new mucosal vaccines may become available for vaccination 

programs over the next few years. 

 Live attenuated oral vaccines are less immunogenic in poor 

populations 168 – 175  requiring an increase in the dose or number 

of doses administered to achieve adequate vaccine immu-

nity. 169,176  Both OPV and rotavirus vaccines are less immuno-

genic in poor compared with wealthier populations. 177 – 179  

 Geohelminth infections may have deleterious effects on 

immunity to oral vaccines. Children infected with geohelminths 

had reduced vibriocidal antibody levels 180  and Th1 cytokine 

responses to cholera toxin B-subunit 20  after vaccination with 

live attenuated oral cholera vaccine (CVD 103-HgR), and these 

deficits were reversed partially by anthelmintic treatment before 

vaccination. 20,180  Similarly,  H. polygyrus  infection of mice inter-

fered with Th1 cytokine and antibody responses to OVA after 

vaccination with an OVA-expressing oral  Salmonella  vaccine. 181  

However, geohelminth infections alone are unlikely to explain 

impaired immunity to oral vaccines. A recent study investigat-

ing the impact of  A. lumbricoides  infection on responses to oral 

BCG Moreau failed to show post-vaccination increases in the 

frequencies of tuberculin-stimulated PBMCs expressing IFN- �  

among children with either active infections or those who had 

  Table 2     Summary of published human studies investigating effects of intestinal helminth parasites on mucosal immunity and 
disease 

    Research question — 
 “ Effects of helminth 
on …  ”   

  Study design    Study population    Intervention    Findings  

    Mucosal immunity  

       Lertanekawattana  et 
al.  (2005) 50  

 Cross-sectional  Thailand; hospital-
based; adults; 9 infected 
with geohelminths and 
22 controls 

 None   ↑  Th2 cytokine 
expression in duodenal 
mucosa by RT-PCR 

            

    Oral vaccine  

      Cooper  et al.  (2000) 180  
    Cooper  et al.  (2001) 20  

 RCT  Ecuador; community-
based; 139 children; all 
infected with  Ascaris 
lumbricoides  

 Albendazole or placebo 
before single dose of live 
attenuated oral cholera 
vaccine (CVD 103-HgR) 

  ↑  Vaccine antibodies in 
the treated group  
  ↑  Th1 cytokines to         CT-B 
in the treated group 

            

    Inflammatory bowel disease  

       Crohn’s disease /
 ulcerative colitis  
 Summers  et al.  
(2003) 146  

 Open trial  United States; hospi-
tal-based; adults; four 
Crohn’s disease and 
three with ulcerative 
colitis 

 2,500 eggs of  Trichuris 
suis ; repeated doses; no 
comparison group 

 Temporary clinical 
improvement  
 No adverse events 

    Crohn’s disease          

       Summers  et al.  
(2005) 148  

 Open trial  United States; hospital-
based; adults; 29 with 
Crohn’s disease 

 2,500 eggs of  Trichuris 
suis  ’  doses repeated 
every 3 weeks for 24 
weeks; no comparison 
group 

 Clinical response in 
23 / 29  
 Remission in 21 / 29 
 No adverse events 

      Croese  et al.  (2005) 21   Open trial  Australia; hospital-
based; adults; nine with 
Crohn’s disease and 
three controls 

 25 – 100 larvae of  Necator 
americanus ; repeated 
doses; up to 45 weeks 
follow-up 

 Clinical improvement 
after 20 weeks 

    Ulcerative colitis          

       Summers  et al.  
(2005) 147  

 RCT  United States; hospital-
based; adults; 54 with 
ulcerative colitis 

 2,500 eggs of  Trichuris 
suis  or placebo; doses 
repeated every 2 weeks 
for 12 weeks 

 Clinical response in 
13 / 30 active treatment 
vs. 4 / 24 placebo 

     CT-B, cholera toxin B-subunit; RCT, randomized controlled trial; RT-PCR, reverse transcriptase PCR;  ↑ , increase in.   
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received either short or long courses of anthelmintics before vac-

cination (Vaca, M., Moncayo, A.L., Cosgrove, C., Chico, M.E., 

Lewis, D.J.  &  Cooper, P.J., unpublished data). The same vaccine 

showed strong boosting of post-vaccination IFN- �  responses in 

wealthier populations. 25,26  These data indicate the presence of 

a mucosal barrier to oral vaccination among children living in 

the rural tropics that is independent of geohelminth infections. 

Other factors that may interfere with the interaction between 

vaccine and mucosa include tropical enteropathy, 9 – 74  small 

intestinal bacterial overgrowth, 73  and intestinal microbiota. 

 Geohelminth infections, which are acquired after 9 months of 

age in infants, are unlikely to interfere with immunity to vaccines 

given before this time but may have effects on booster vaccines 

given later. Maternal geohelminth infections could affect infant 

immunity, 52,182,183  cause long-term perturbations in mucosal 

immune responses, and interfere with early infant responses 

to mucosal vaccines (Cooper, P.J., Yerovi, G., Guadalupe, I., 

Quichimbo, M., Chico, M.E., Iturizza, M.  et al. , unpublished 

data), although the mechanisms by which they might have this 

effect are unknown.     

 CONCLUSION 
 Geohelminth infections live in intimate contact with the intesti-

nal epithelium and may stimulate strong inflammatory responses 

locally in the mucosa during primary infections and potent regu-

latory responses during chronic infections that may extend to dis-

tal mucosal sites in the intestine and other organs such as the lung. 

Experimental intestinal helminth infections in animals are asso-

ciated with inflammatory responses during primary infections 

that serve to expel or kill luminal parasites. In contrast, chronic 

infections are associated with immune regulation by multiple 

mechanisms that serve to dampen host inflammatory responses 

and to prevent the long-term pathological and nutritional conse-

quences of chronic inflammation of the intestinal mucosa. There 

are surprisingly few studies of human geohelminth infections 

documenting the mucosal response to infection, but the few data 

available partly support the observations from animal models. 

The histological changes observed during chronic geohelminth 

infections are surprisingly mild in most cases and may reflect a 

highly adapted host – parasite interaction. 

 It has been suggested that human geohelminth infections may 

modulate asthma and inflammatory bowel disease, although 

data to support important clinical effects in human popula-

tions are limited. Concurrent geohelminth infections may affect 

mucosal immunity to oral vaccines but other factors are also 

likely to be important (e.g., intestinal microflora, and tropical 

enteropathy) that together may contribute to form a barrier to 

mucosal immunization. The efficacy of new mucosal vaccines 

in infants from poor populations in LMICs will require detailed 

evaluation in geohelminth-endemic settings before widespread 

distribution. 

 Geohelminth parasites are likely to release molecules that 

modulate mucosal inflammation. The identification of such 

molecules has potential for the development of new therapies 

for inflammatory diseases of the mucosa. Therapeutic infec-

tions or inoculations with parasite extracts may induce multiple 

 regulatory pathways, whereas therapy with single molecules such 

as the filarial nematode immunomodulatory molecule ES-62 184  

may target one or few inflammatory pathways. Single-molecule 

therapy is likely to be most useful for subgroups of patients in 

whom specific inflammatory mechanisms mediate disease, and 

such individuals may be identifiable by specific genetic charac-

teristics. Treatments that are effective in larger groups of patients 

will almost inevitably require cocktails of molecules that target 

multiple inflammatory pathways and carry the risk of adverse 

reactions caused by immunosuppression. 

 There is a need for further research on the effects of geo-

helminths on mucosal immune responses in endemic settings 

in LMICs. Such research is likely to enhance our understanding 

of the regulation of inflammation and the causes of the growing 

epidemic of inflammatory diseases.     
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