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Helminths and the IBD Hygiene Hypothesis
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Abstract: Helminths are parasitic animals that have evolved
over 100,000,000 years to live in the intestinal track or other
locations of their hosts. Colonization of humans with these
organisms was nearly universal until the early 20th century.
More than 1,000,000,000 people in less developed countries
carry helminths even today. Helminths must quell their host’s
immune system to successfully colonize. It is likely that
helminths sense hostile changes in the local host environment
and take action to control such responses. Inflammatory
bowel disease (IBD) probably results from an inappropriately
vigorous immune response to contents of the intestinal lu-
men. Environmental factors strongly affect the risk for IBD.
People living in less developed countries are protected from
IBD. The “IBD hygiene hypothesis” states that raising chil-
dren in extremely hygienic environments negatively affects
immune development, which predisposes them to immuno-
logical diseases like IBD later in life. Modern day absence of
exposure to intestinal helminths appears to be an important
environmental factor contributing to development of these
illnesses. Helminths interact with both host innate and adop-
tive immunity to stimulate immune regulatory circuitry and to
dampen effector pathways that drive aberrant inflammation.
The first prototype worm therapies directed against immuno-
logical diseases are now under study in the United States and
various countries around the world. Additional studies are in
the advanced planning stage.

(Inflamm Bowel Dis 2009;15:128–133)
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Helminths are worm-like animal parasites. Helminths in-
fect humans in all areas of the world, but they are

particularly common in warmer regions. Depending on the
parasite species, these organisms are spread through contact
with contaminated water, soil, or food. More than one-third
of humans presently carry these organisms, with the highest
frequency found in children subject to poor sanitation. Chil-
dren and adults in the United States before the 1940s often

had helminths, which were particularly common in poor city
dwellers and residents of the rural South.1 Although less
common today, they occasionally are detected in poor pop-
ulations living in underserved regions of the US2 and in
recent immigrants from less developed countries.3

The first helminths date back at least to the time of the
dinosaurs.4 Examination of petrified human waste on the floor
of caves and inspection of mummies documents that these
organisms have colonized humans for many thousands of
years. Most helminths are highly restricted in host selection,
attesting to the closeness of this host–parasite association.
Also, depending on the worm species, they have preferences
for living in various locations of their host like the intestinal
lumen, bile ducts, lungs, blood stream, and elsewhere. To
accomplish this, they must evade and control the host’s
immune system. This has been achieved through millions of
years of coevolution allowing time for both the parasite and
its host to gradually adjust to this relationship. Many worms
seem invincible to human defense. Worms produce factors
and receptors with homology to molecules of the human
immune system as revealed by recently decoded worm ge-
nomes. It is likely that helminths sense hostile changes in the
local host environment and take action to quell these re-
sponses. Many worms also have a peculiar outer integument
that can absorb host molecules and which may assist in
cloaking the parasitic organism from host detection.

Unlike bacteria and viruses, worms are large organisms
with complex tissues and fully developed organs. The 2
groups of worms that inhabit the interior of humans are the
nematodes (roundworms) and the platyhelminths (flat-
worms), which have distinct evolutionary histories.5 Some of
the common human roundworms include Ascaris lumbri-
coides, Necator americanus (hookworm), Trichuris trichiura
(whipworm), Enterobius vermicularis (pinworm), Strongy-
loides stercoralis, and filariae species like Wuchereria ban-
crofti and Brugia malayi. Most of the common roundworms
(excluding filariae) live in the gut.

There are 2 classes of human flatworms called trema-
todes (flukes) and cestodes. The trematodes live predomi-
nantly in the venous system (e.g., schistosome species), bil-
iary system (e.g., Clonorchis), gut (e.g., Fasciolopsis), or
airway (e.g., Paragonimus). The cestodes include the intes-
tinal tapeworms like Diphyllobothrium latum (fish tape-
worm), Taenia saginata (beef tapeworm), and Taenia solium
(pig tapeworm).

Humans also are exposed to various helminths of do-
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mesticated or wild animals through agricultural practices,
hunting, and animal husbandry. Most of these helminths,
however, fail to sustain human colonization, presumably be-
cause of genetic differences in the human host, and have no
association with human illness (e.g., Trichuris suis). Other
animal helminths like Toxocara canis (dog ascarid), Dirofil-
iaria immitis (dog heartworm), and Trichinella spiralis infre-
quently cause pathology in humans.

About 1–2 million people in the US have Crohn’s
disease (CD) or ulcerative colitis (UC), which usually begins
during the second to third decade of life. Inflammatory bowel
disease (IBD) probably results from an inappropriately vig-
orous immune response to contents of the intestinal lumen.
Evidence supporting this contention includes the effective-
ness of immune suppressants at controlling the disease and
the higher than expected occurrence of IBD with some in-
herited defects in immune regulation. Also, in support of this
hypothesis are experimental data derived from mice who are
prone to IBD because of naturally acquired or genetically
engineered defects in immune regulation.6,7 In most of these
murine models the inflammation is driven by Th1 and/or IL17
circuitry and by substances in the intestinal lumen.

Environmental factors affect the risk for IBD.8 Appen-
dicitis followed by appendectomy lowers the incidence of
UC,9–11 whereas cigarette smoking enhances the chance for
CD.12 Some enteric infections can trigger IBD like cytomeg-
alovirus and amebic (Entameba histolytic) colitis. A major
observation that points to the importance of environment in
IBD is the striking geographic variations in IBD frequency.
Early studies showed that IBD was more common in northern
versus southern regions of the US and Europe.13,14 This
north–south gradient is still present in some areas today.15

Migration studies suggest that children born to individuals
who relocate from regions of low CD or UC frequency to
areas of high disease prevalence acquire greater disease
risk.16–18 IBD prevalence has increased in Western Europe
and North America and now affects about 1 in 250 people in
some affluent regions.19,20 IBD now is spreading throughout
many Asian nations.

In the 1990s we proposed the “IBD hygiene hypothe-
sis.” It states that raising children in extremely hygienic
environments negatively affects immune development, which
predisposes them to immunological diseases like IBD later in
life.1 Moreover, we proposed that the modern day absence of
exposure to intestinal helminths is an important environmen-
tal factor contributing to IBD. Helminths regulate their host’s
immune system and prevent excessive immune responses.

There is expanding epidemiological data pointing to a
protective role for helminth infections in various immunolog-
ical diseases. For instance, helminth infections inversely cor-
relate with allergic disorders. A case–control study in Ethi-
opia showed that people infected with hookworm have a low
frequency of asthma,21 an observation supported by a similar

study conducted in Vietnam.22 A randomized, controlled pro-
spective study demonstrated that repeated anti-helminthic
therapy of helminth-infected Gabonese children increases the
frequency of allergic sensitivity to house dust mites.23 Infec-
tion with Schistosoma hematobium induces a parasite-specific
IL10 response in the host and suppresses atopic reactivity in
Gabonese children.24

Multiple sclerosis is another disease displaying a north–
south gradient with an increasing prevalence in developed
countries.25 This rise in multiple sclerosis correlates with
diminished carriage of T. trichiura (whipworm) in various
locales.26 Multiple sclerosis patients who developed helmin-
thic infection during the course of their disease displayed
fewer disease exacerbations and develop fewer new brain
lesions, as shown by magnetic resonance imaging, compared
to the uninfected multiple sclerosis control group.27

Epidemiological data supporting a role for helminth
infection in protection from IBD is more circumstantial.
There is a clear inverse correlation between the frequency of
helminth infections and the prevalence of IBD. Direct proof
of the concept that helminths acquired naturally protect hu-
mans from IBD remains sparse. Reports have now appeared
showing IBD control after natural exposure to intestinal hel-
minths.28

There have been several clinical trials using helminths
to treat IBD. Results from these trials suggest that infection
with at least some human or animal helminths improves
clinical outcome, which supports the premise that natural
helminth infection is protective. There was clinical improve-
ment in a double-blind clinical study in UC and an open-label
study in CD. These studies used live ova from porcine whip-
worm (Trichuris suis) as an oral therapeutic intervention.29–31

Another study in CD showed efficacy using live human
hookworm administered via skin application.32

Scientists frequently turn to animal models designed to
mimic aspects of human disease to understand basic patho-
physiology of human illness. While there are no true models
of human IBD, many of the current animal models afford
understanding of the processes that protect the gut from
unwanted immune attack and are useful for the initial testing
of new candidate therapies. Using such animal models it is
readily evident that helminths suppress the ongoing pathol-
ogy of murine IBD and prevent disease onset.

Rodents administered trinitrobenzene sulfonic acid
(TNBS) in alcohol intrarectally develop Th1-type colitis. The
intestinal roundworm T. spiralis33 or the rat intestinal tape-
worm Hymenolepis diminuta protect rodents from this dis-
ease. There is similar protection by infecting mice with the
intestinal roundworm Heligmosomoides polygyrus or T.
muris or with the vascular fluke Schistosoma mansoni34 or by
treatment rodents with schistosome ova.35 However, ox-
azolone-induced colitis appears to worsen with H. diminuta
infection.36 Thus, not all models of IBD show protection.
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The immune system can be roughly divided into 2
parts. The innate immune system comprises the cells and
mechanisms that immediately defend the host from infection
in a nonspecific manner through the pattern recognition of
molecules foreign to the host. The adaptive immune system,
which employs T and B cells, recognizes specific antigens
and confers long-lasting protective immunity. However, the
adaptive immune system takes several days to respond to an
initial challenge by an invading organism. In the gut, innate
immunity usually suffices to protect us from our intestinal
flora. Cells of the immune system make molecules called
cytokines that drive, modulate, or suppress immune re-
sponses. Aberrant expression of various cytokines by the
adaptive immune system underlie the basic pathophysiology
of IBD. As demonstrated in many murine models of colitis,
IFN�, IL17, IL12, and IL25 are some of the cytokines im-
portant for driving intestinal inflammation. TGF� and IL10
are important immune modulatory cytokines that limit im-
mune reactivity. There are also cells of the immune system
that help drive, modulate, or suppress inflammation. These
include effector T cells (Th1, Th2, Th17), regulatory T cells
(Treg, Tr1, Th3), dendritic cells, and alternatively activated
macrophages among others.

Various studies have shown that worm infection can
suppress intestinal T-cell responsiveness to various mitogens
and antigens. This can include the Th1, Th2, and Th17
pathways of inflammation. The mechanisms of regulation are
quite varied (Fig. 1).

Intestinal helminths protect mice from TNBS-induced,
Th1-type colitis by restraining the IFN�/IL12 p40 response in
the colon. Worm infection also downmodulates Th1 path-
ways in the gut of healthy noncolitic wildtype mice. Several
regulatory mechanisms mediate this protection. Worm infec-
tion induces mucosal lamina propria mononuclear cells to
produce Th2 cytokines (e.g., IL4, IL13) and large quantities
of regulatory factors (e.g., IL10, TGF�). In TNBS colitis,
abrogation of the Th2 pathway blocks worm protection,
showing the importance of Th2 cytokines in this IBD mod-
el.35 IL10 is a critical immune regulatory cytokine. In worm-
infected mice, blocking the IL10 receptor partly restores
IFN� and IL12 production in lamina propria mononuclear
cells from TNBS colitis or from healthy wildtype mice,
suggesting that IL10 also helps regulate the Th1 pathway.
The rat tapeworm H. diminuta also ameliorates a Th1 colitis
via an IL10 mechanism.37 Mice that cannot make IL10 de-
velop a chronic colitis driven by cytokines associated with
Th1/Th17 responses (e.g., IFN�, IL17, IL12, IL23), attesting
to the importance of this cytokine for mucosal immune ho-
meostasis. However, helminth infection (T. muris or H. po-
lygyrus) or injection of nonviable schistosome ova still pre-
vents disease and reverse ongoing intestinal inflammation as
well as curtail intestinal IFN� and IL12p40 production in this

disease state. Thus, IL10 may be helpful, but is not neces-
sarily essential, for helminth control of IBD.1,38

Colitis resulting from IL10 deficiency is driven in part
through the Th17 pathway. IL12p40 is a molecule shared by
IL12 and IL23. IL23 and other cytokines induce and sustain
the mucosal IL17 response. Worm infection blocks mucosal
IL23 and IL17 secretion, suggesting that regulation of IL17 is
another important mechanism of colitis control (in press).
How helminths limit IL17 (Th17) responses is not yet fully
understood. However, blockade of IL23 secretion and stim-
ulation of IL4 production at the mucosal surface plays a
partial role (submitted: Elliott, Metwali and Leung).

Gram-negative bacteria frequently express lipopolysac-
charides (LPS). LPS interacts with receptors of the innate
immune system (TLR4) on host cells, driving production of
protective proinflammatory molecules. The normal intestinal
mucosa usually is relatively unresponsive to LPS, since the
normal intestinal flora produces large amounts of this mole-
cule and uncontrolled responses to LPS would be detrimental
to the mucosa. H. polygyrus infection induces display of
TLR4 on a subset of mucosal T cells. Engagement of this
receptor promotes production of regulatory (TGF�, IL10)
rather than proinflammatory molecules.39 Thus, under the
influence of helminths, damage to the mucosa allowing LPS
penetration may provoke activation of IL10/TGF� producing

FIGURE 1. Helminths potentially induce multiple regulatory
pathways. Helminths are large multicellular organisms that can
influence multiple host responses. Helminths can interact di-
rectly with epithelial cells (1) possibly influencing mucous pro-
duction, defensin release, and barrier function. Either by direct
contact or soluble mediators, helminths may alter epithelial-
immune cell (macrophage/T cell/NK cell) interaction (2). Hel-
minths can release factors (3) such as TGF� that can directly
affect lymphocyte function to downregulate inflammation.
Helminths can release substances that alter the function of den-
dritic cells, mast cells, NK cells, and/or macrophages (4). In addi-
tion, helminths may release factors that alter bacterial flora and
indirectly influence mucosal responses (5). Various helminth
products may mediate these effects and work in concert to re-
duce intestinal inflammation.
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regulatory T cells, helping to quell excessive adaptive immu-
nity.

Mucosal T cells must be able to sense TGF� for normal
mucosal immune homeostasis. Mice with defective TGF�
signaling restricted just to T cells have difficulty limiting both
Th1 and Th2 responsiveness in the intestinal mucosa and
spontaneously develop colitis. Infection with H. polygyrus
cannot prevent this colitis or dampen mucosal Th1 respon-
siveness in this mouse, suggesting that TGF� signaling via
mucosal T cells is an important requirement for worm pro-
tection from IBD (submitted: Ince, Setiawan and Metwali.).

T cells that regulate rather than incite mucosal immune
responses are important for restraining inflammation in var-
ious animal models of IBD.40 There are several regulatory
T-cell phenotypes, including IL10-producing Tr1 cells,
TGF�-producing Th3 cells, and IL4/IL10-secreting Th2
cells. Also, there are special classes of regulatory T cells that
express a transcription factor called Foxp3, which instructs
the T cells to differentiate into a regulatory phenotype.

Helminths induce various regulatory T-cell subsets
within the gut mucosa of their hosts. Worm infection induces
within the gut the appearance of regulatory T cells that make
IL10 and TGF�. These cells help limit Th1 responsiveness.
However, helminths can inhibit mucosal inflammation in the
absence of IL10. T cells from the mesenteric lymph node
(MLN) of H. polygyrus-infected IL10-deficient mice stop
colitis when transferred into colitic IL10 deficient recipi-
ents.38 Transfer of MLN T cells from worm-naı̈ve IL10-
deficient mice does not inhibit colitis, suggesting that hel-
minth exposure induces the regulatory activity. Helminth
colonization induces FoxP3 expression by MLN and LP T
cells. LP T cells from H. polygyrus-infected mice, in contrast
to LP T cells from worm-naı̈ve controls, strongly suppress
proliferation of both CD4� and CD8� effector T cells.
Foxp3� CD8� regulatory T cells mediate this effect. This
regulatory activity functions independently of IL10 and
TGF�, but requires Class I MHC interactions and cellular
contact to mediate their regulation.41 Transfer of CD8� T
cells into an IL10KO Rag transfer model of colitis down-
modulates disease activity, suggesting that CD8� T cells
limit IBD. Regulatory CD8� T cells may have a role in
several immune-mediated diseases, as shown in an animal
model of multiple sclerosis.42 When pharmacological inter-
vention eliminates helminths from the gut, regulatory-type T
cells linger in the intestine, suggesting that worm exposure
early in life may lead to prolonged resistance to IBD.

While helminth exposure induces regulatory cytokines
and T cells that have a major impact on mucosal adaptive
immunity, they also directly modulate innate immunity. Rag
mice do not produce T cells or B cells, but remain healthy
without colitis in appropriate animal care facilities. However,
transfer of IL10KO T cells into these mice makes them
susceptible to colitis driven by both Th1 and Th17 T cells and

their associated cytokines. Exposure of Rag mice to hel-
minths (H. polygyrus) for a brief interval before the introduc-
tion of adaptive immunity (IL10KO T cells) renders the
animals resistant to IBD. Also, antigen-responsive Th1 and
Th17 T cells that reside in the gut have difficulty responding
to antigens after such an exposure. Isolated LPMC from T-
and B-cell-deficient mice previously exposed to worms
mixed with LPMC from colitic mice block antigen-specific
responses in the responding colitic T cells. The cells medi-
ating this regulation are not yet defined but could involve
dendritic cells, alternatively activated macrophages, or even
regulatory NK cells.

Oral dextran sodium sulfate (DSS) induces intestinal
inflammation in rodents. This model of IBD is distinct, since
inflammation is independent of adaptive immunity. Schisto-
somiasis protects BALB/c, but not C57BL/6 mice from DSS
enteritis. The schistosome worms mediate the protection.
Protection from colitis is macrophage-dependent. There is no
apparent role for regulatory T cells or the usual regulatory
cytokines (e.g., IL10 or TGF�) in this model system.43

Helminths also protect rodents with immunological dis-
eases that simulate conditions like multiple sclerosis (experi-
mental autoimmune encephalomyelitis,44,45) Graves’ hyperthy-
roidism,46 asthma,47,48 rheumatoid arthritis,49 food allergy,50 and
type 1 diabetes.51,52 For instance, infection with 1 of several
nematode parasites can decrease the susceptibility of rodents to
allergic disease.47,48,50,53 Protection in animal models of asthma
also may involve IL10, regulatory-type T cells, and alternatively
activated macrophages.54 Thus, helminths activate several im-
mune regulatory pathways capable of limiting deviant inflam-
mation. Helminths also induce other immune modulators like
arginases, resistins (RELM family), chitinase, and intelectins.
These lesser-studied molecules help regulate Th2 cytokines, and
macrophages and epithelial cells function at sites of mucosal
inflammation.55 Their role in helminth immune protection from
immunological disease deserves further study.

CONCLUSION
Worm-based therapies are under development at sev-

eral pharmaceutical companies. Some laboratories are isolat-
ing agents from helminths that could prove useful as thera-
peutic agents.56–58 Others have developed pharmaceutical
grade helminths that currently are under review at both the
US and European food and drug administrations. The first
prototype worm “vaccine” studies against immunological
diseases like CD, UC, multiple sclerosis, asthma, food al-
lergy, and even allergic rhinitis are now under way or in the
advanced planning stage in the US and various countries
around the world.

Use of all new experimental therapies must proceed
with caution. The vast majority of mild to moderate worm
infestations rarely manifest as disease. While many helminths
hold little pathogenic potential, others carry risk. For in-
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stance, S. mansoni can cause liver fibrosis and portal hyper-
tension, while Strongyloides can multiply within the gut and
become invasive in the immune-compromised host. Some
studies using murine and larger animals suggest that worm
infection can interfere with vaccine efficacy, which could
have important implications for human health.59 Acute infec-
tion with a helminth could leave some animals more suscep-
tible to enteric infections with pathogenic bacteria.60,61 Mod-
ern-day therapeutics for IBD have limited efficacy and are not
without their danger. There may be little therapeutic risk
using properly selected and administered helminths or their
derivatives in our hygienic societies.

Modern hygienic practices have greatly decreased
deaths in the US and Europe from acquisition of enteric
pathogens. Humans and helminths and their immune systems
evolved closely together over many thousands of years. To
promote their own survival, helminths stimulate immune
regulatory pathways within their hosts to control immune
reactivity. Clean water and food, paved streets and sidewalks,
and modern sanitation systems have reduced exposures to
helminths and perhaps other microbial organisms. This could
be leading to immune dysregulation and increased suscepti-
bility to immunological diseases (Fig 2). Controlled reintro-
duction of such exposures during childhood and perhaps
beyond may help reestablish immune balance and lower the
risk for immunological diseases.
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