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This paper discusses the most important parasites that 

inhabit the human small intestine. Beginning with the 

protozoa and proceeding through the various species of 

cestodes, nematodes, and trematodes that inhabit the 

human small bowel, the most important organisms are 

presented. Possible future developments are discussed 

along with pathophysiology and treatment in this phylo-

genic approach. Zoonotic illnesses, those diseases that 

by their rarity are of little import, and diseases without 

significant clinical or social implications are beyond the 

scope of this article and are not discussed.

Introduction
Parasites of the small intestine result in substantial 
morbidity and mortality worldwide. Areas of highest 
prevalence are those that can least afford the afflictions. 
Poverty, crowding, and the associated poor sanitation 
facilitate transmission of most of the organisms discussed. 
The consequences of malnutrition and attendant 
developmental delay are most prominent in children. 
Certain diseases present the opportunity for eradication 
or at least substantial control. Others will continue to 
afflict people for generations.

Protozoa
There are several important protozoan parasites of 
humans. Of these, only a few inhabit the small intestine 
and cause clinically important disease. The two most 
common small intestinal protozoan infections are caused 
by Giardia intestinalis and Cryptosporidium parvum.
Treatment and other features of these parasites are found 
in Table 1.

Giardiasis
Giardia intestinalis (also called G. lamblia and 
G. duodenalis) is the most common intestinal parasite 

in the United States [1], with a rate of 7.4 infections per 
100,000 population in 2002 [2•]. The organism has 
worldwide distribution.

Giardiasis is a clinical syndrome characterized by 
diarrhea, flatulence, and steatorrhea. The illness is typically 
mild to moderate but can range from asymptomatic to 
severe [3,4].

G. intestinalis in the trophozoite form is a teardrop-
shaped, binucleate eukaryotic organism with four pairs of 
flagella. The cyst form has four nuclei located at one pole 
of a roughly 8 × 10– m densely walled structure. Diagno-
sis is by demonstration of the organism (typically cysts) in 
the feces or through a number of molecular methods. The 
most common diagnostic technique is stool antigen detec-
tion using enzyme-linked immunoassays. Sensitivities and 
specificities of various assays range from 88.6% to 100% 
and 99.3% to 100% [5].

The life cycle of G. intestinalis is relatively simple. The 
cyst form of the organism is ingested. After exposure to 
the low pH of the stomach and then the relatively neutral 
environment of the small bowel, the organism excysts 
into the trophozoite stage [6,7]. The trophozoite form 
can either divide by binary fission or encyst. The cysts are 
passed in the feces and are immediately infectious. Cysts 
can also survive in the environment for extended periods. 
The stimulus for cyst formation has not been elucidated.

In addition to environmental hardiness, Giardia
organisms are also an important cause of zoonotic 
infection. A wide number of animal species, both 
domestic and wild, have been shown to harbor the 
parasite. Perhaps the best known animal reservoir for 
Giardia organisms is the beaver—hence the popular 
name for giardiasis: “beaver fever.”

It is the trophozoite form of Giardia organisms 
dwelling in the small bowel, primarily the duodenum, that 
cause disease. The mechanism of disease is quite complex 
and not fully understood. Several different processes seem 
to occur simultaneously. The relative intensity and inter-
play of these mechanisms likely lead to the wide spectrum 
of disease seen in giardiasis. Key factors in the pathology 
of disease include villous atrophy, similar to that seen in 
celiac sprue [8], and impairment of carbohydrate diges-
tion and absorption [9].

Treatment for giardiasis usually consists of metro-
nidazole, 500 mg orally three times a day for 5 days. 
Alternate therapies include albendazole and tinidazole 
[10]. As with all diseases transmitted by the fecal-oral 
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route, prevention is the best defense. Avoidance of 
contaminated water is the foundation for preventing 
transmission of giardiasis. In areas where a safe water 
supply cannot be guaranteed, boiling water for a full 
minute will destroy any cysts present.

Cryptosporidiosis
Cryptosporidiosis is another very common parasitic infec-
tion in the United States, with a rate of 1.0 per 100,000 
population [2•]. As with giardiasis, infection with Cryp-
tosporidium organisms causes diarrheal illness. However, 
the spectrum of disease is broader, ranging from asymp-
tomatic to life threatening. Individuals with intact 
immunity typically suffer from watery diarrhea that lasts 
3 to 14 days [11]. Abdominal cramping, low-grade fever, 
and malaise are typical symptoms. Risk factors for infec-
tion in those with normal immunity are international 
travel, contact with cattle, contact with children with 
diarrhea, and freshwater swimming [12].

Immunocompromised patients, particularly those with 
AIDS and a CD4 T-lymphocyte count of less than 53 per 
mL, may suffer prolonged and life-threatening diarrhea 
[6,13]. In addition, people with AIDS are well known 
to be at risk for involvement of the biliary tract, with 
development of sclerosing cholangitis and the attendant 
problems associated with this illness [7,14].

Two species of Cryptosporidium are important in 
humans, C. hominus (previously C. parvum genotype I) and 
C. parvum (previously C. parvum genotype II). Clinically, 
these organisms are indistinguishable. Transmission appears 
to be via the person-to-person [15] and zoonotic routes [16].

The life cycle of Cryptosporidium is quite complex 
and can take place entirely within a single host. Infection 
begins with ingestion of the oocyst form of the parasite. 
These oocysts release four sporozoites. The sporozoite 
form is internalized into the brush border of the gut 
epithelium, where it divides asexually to form merozoites. 
The merozoites are extruded into the gut lumen and 
infect more cells. Alternately, the merozoites may develop 
into gametocytes and combine to form oocysts that can 
either be shed into the environment or reinfect the host 
[17]. Thus, two opportunities exist within the life cycle 
for the parasite to autoinfect the host. This can result in 
severe and protracted infection, particularly in immuno-
compromised patients.

The diagnosis of cryptosporidiosis can be difficult, often 
requiring multiple stool samples to be established. With 
special staining techniques such as acid-fast and trichrome 
methods, the oocysts can be demonstrated in stool. Although 
it is simple to perform, this method relies on the experience 
of the observer and may not be reproducible between dif-
ferent laboratories. The most widely available methods use 
immunoassays for Cryptosporidium antigens in stool [18].

Currently, there is no effective treatment for crypto-
sporidiosis. Nitazoxanide may be of benefit in children 
aged under 11 years [19]. Patients with AIDS may respond 

to aggressive antiretroviral therapy by restoration of 
innate cell-mediated immunity [20]. Azithromycin may 
be a reasonable alternative, especially in the pediatric 
AIDS population [21,22].

Helminths
Intestinal parasitic worms, or helminths, infect millions 
of people worldwide. They represent a significant burden 
for countries where these parasites are endemic and cause 
significant morbidity and, potentially, mortality, especially 
in immunocompromised hosts.

Intestinal helminths are divided into three phyla 
based on general appearance and life cycle. The three 
major phyla of intestinal helminths are intestinal cestodes 
(tapeworms), nematodes (round worms), and trematodes 
(flukes). Treatment and other features of these infections 
can be found in Table 1.

Cestodes
When considering parasites in the most general way, 
tapeworms are probably the first class of organisms that 
comes to mind. Although far more rare than some of the 
other organisms described in this paper, these parasites 
have thoroughly infected our literature and culture.

The life cycle of the various cestodes is complex. It 
depends on the close relationship of humans to various 
intermediate hosts to perpetuate the species. In general, 
the cycle begins when an infected individual passes fertile 
eggs in the stool. These eggs mature in the environment 
and are consumed by an intermediate host. In the inter-
mediate host, the parasite infects the tissues (typically 
muscle) where it resides until this intermediate host is 
ingested by a human, the definitive host. Once the infected 
tissue is eaten, the parasite develops into an adult worm 
in the small intestine, completing the cycle. Adult worms 
may live for years and sometimes decades.

The tapeworms have many morphologic similarities 
as well. Each species has a distinct scolex, or attachment 
organ. Posterior to the scolex is a neck of variable size. The 
neck is the source of the fertile segments of the tapeworm 
known as proglottids. The bulk of most of the human tape-
worms is the stroblia, or the entire collection of proglottids. 
The primary function of the proglottid is to serve as an 
“egg factory.” Various worms shed the proglottids intact or 
release eggs directly into the intestinal lumen.

Tapeworm disease occurs under two circumstances. 
First, the adult worm itself usurps the nutrients of the 
host for its own use. Second, a human may become 
an inadvertent intermediate host, sometimes with 
devastating consequences.

Taeniasis
Two species of the genus Taenia are important in humans. 
T. saginata, the beef tapeworm, and T. solium, the pork 
tapeworm, are distributed worldwide. The close association 
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of humans to the intermediate host animals assures 
perpetuation of these organisms. The Centers for Disease 
Control estimate that 50 million persons are infected with 
either T. solium or T. saginata worldwide [23]. 

The life cycle of T. saginata follows the general 
scheme outlined previously. Eggs from an infected host 
contaminate the soil or vegetation eaten by cattle, the 
intermediate host. The eggs hatch into oncospheres that 
penetrate the intestinal wall and ultimately migrate to 
muscle tissues of the bovine intermediary. In the muscle 
tissue the oncospheres develop into cystecerci. The 
cystecerci can remain in place for many years. For the 
cycle to continue, undercooked or raw beef must be eaten 
by humans because cooking kills the cystecerci. After 10 
to 12 weeks the worm is fully developed and typically 
measures about 5 m in length. The worm is folded back 
on itself and inhabits the small intestine. Symptoms of 
infection with adult worms are infrequent and mild. 
Perhaps the most troubling symptom is passage of intact 
proglottids or long segments of the stroblia.

Infection with the pork tapeworm, T. solium, is 
essentially the same as with the beef tapeworm. The key 
difference is the intermediate host, which is swine instead 
of cattle. Adult worms are up to 7 m long. T. solium has 
one other aspect that is much more sinister. Unlike the 
beef tapeworm, the fertile eggs of the pork tapeworm are 
infective to humans. When ingested, the eggs attempt to 
develop as they would in swine. However, in humans the 
cystecerci become “lost” and often implant in various 
tissues, where they can cause a devastating disease 
known as cysticercosis. The most serious forms of human 
cysticercosis occur when the parasite inhabits the central 
nervous system. 

Neurocysticercosis is the most common cause of 
seizures in areas where the disease is endemic [24]. Risk 
factors for high rates of cysticercosis include poor sanitary 
conditions and lack of pork inspection prior to market-
ing [24,25]. Seizures frequently recur [26]. Nearly 50,000 
deaths occur worldwide each year due to cysticercosis [23].

Rates of cysticercosis are difficult to determine for a 
variety of reasons, including poor or absent reporting in 
developing nations [27] and transient positive serology in 
non-infected people [28]. However, in some rural areas of 
Central and South America, rates of neurocysticercosis 
exceed 20%. Rates approaching 3% have been noted in 
migrant farm workers in southern California [29]. 

Diagnosis can be made though various immunoassays 
of either serum or cerebrospinal fluid. Electroimmuno-
transfer blot assay using purified T. solium antigens is the 
most specific method, but enzyme-linked immunosorbent 
assay is less expensive to perform and thus probably better 
suited to epidemiologic studies [30]. Imaging with either 
MRI or CT is also diagnostic [31].

Treatment of neurocysticercosis is with albendazole or 
praziquantel, though the latter is not approved by the US 
Food and Drug Administration (FDA) for this indication 

[32]. Unfortunately, neither drug is completely or uniformly 
effective [33]. The drugs must be coadministered with 
dexamethasone to reduce side effects—mostly headache, 
nausea, and vomiting. Deaths during treatment, usually 
from stroke, have been reported. There is no significant 
reduction in seizures after treatment. Despite these 
limitations, most authorities recommend anti-cysticercal 
therapy, though the issue remains controversial [34–36].

Because the pork tapeworm has only one definitive 
host—humans—it is one of the six diseases targeted 
for eradication by the World Health Organization [23]. 
Efforts will be aimed at sanitation and aggressive treat-
ment in areas of high parasite prevalence.

Fish tapeworm
Diphyllobothrium latum is another tapeworm with 
worldwide distribution. This parasite has two different inter-
mediate hosts: several species of copepod and subsequently 
any one of a number of freshwater vertebrate fish. Humans 
are infected when they eat raw or undercooked fish infected 
with the pleocercoid larva that dwell between muscle fibers 
of infected fish. Overt symptoms are uncommon and are 
similar to those of taeniasis. Adult worms can exceed 12 m 
in length and shed tens of millions of eggs daily. 

Most interesting is the association of D. latum with 
vitamin B12 deficiency and megaloblastic anemia. Vitamin 
B12 absorption takes place exclusively in the terminal ileum. 
In infected persons, therefore, the parasite gets exposed to 
the vitamin B12 prior to the host being able to absorb it [37]. 
Why this does not occur with other parasites of the small 
bowel is unknown. Treatment is with praziquantel.

Nematodes 
Nematodes share a common life cycle. They infect people 
via multiple routes, including fecal-oral, direct contact 
with infected soil or water, and ingestion of infected fish 
and meat. After the egg or larval stage enters the body, 
the parasite directly enters the vasculature, migrates to 
the lungs, and crosses from the capillaries into alveolar 
spaces. Next, the parasite ascends the airway to the 
pharynx. The worms are then swallowed. In the small 
intestine the larvae mature into adults and become 
fertile, laying eggs into to the bowel lumen. These eggs 
are expelled in the feces, completing the cycle. Some 
species can complete the entire cycle within a single 
host, whereas others require either an intermediate host 
or soil larval stage.

Ascariasis
Ascaris lumbricoides is the largest human intestinal 
nematode and can reach 40 cm in length. Nearly a 
fourth of the world’s population, 1.4 billion people, 
are infected. Ascaris infection causes 20,000 deaths a 
year worldwide [38]. Factors contributing to the high 
incidence of Ascaris infection are the ability to produce 
up to 200,000 eggs daily that survive for extended 
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periods in soil, poor socioeconomic conditions, the 
generally asymptomatic nature of the infection, and 
lack of protective immunity [39].

A. lumbricoides is transmitted through ingestion 
of fecally contaminated food. The Ascaris life cycle 
begins by passage of fertile ova in stool and follows the 
general nematode cycle already described. It takes about 
3 months from infection until the worms produce eggs 
[40]. The larval form is capable of crossing the placenta and 
infecting the unborn fetus. The exact rates of stillbirths due 
to fetal infection are not known [41]. 

Adult worms are typically found in the jejunum or 
ileum, where they can survive for 2 years. The worm 
is sexually dimorphic, thus requiring presence of both 
genders in the intestinal tract to produce viable eggs. 
Diagnosis of A. lumbricoides infection is based on 
demonstrated presence of eggs in stool.

Endemic areas of HIV and Ascaris infection overlap in 
multiple regions, and it is important to define the relationship 
between these two infections. HIV enteropathy and related 
changes in the immune response of the intestinal epithelium 
appear to provide protection against luminal nematodes, 
resulting in lower prevalence of ascariasis in HIV-positive 
individuals [42]. In contrast, this same study showed that 
the rate of intracellular infections, such as cryptosporidiosis, 
was much higher in HIV-positive individuals. 

Clinical disease is directly related to parasite burden. 
This is a function of continuous exposure to infectious 
second-stage larvae [43]. Clinical symptoms are caused 
by either tissue reactions with damage due to migrating 
larvae or by the presence of heavy adult parasite burden 
of worms in the small intestine. 

Recurrent ascariasis in children can cause stunted linear 
growth, reduced cognitive function, and malnutrition [44]. 
Children infected with A. lumbricoides are found to have 
decreased absorption of vitamins A and C and lower serum 
albumin than uninfected children [45]. With treatment, 
many children are able to regain lost growth. Factors in 
determining whether a child with stunted growth is able 
to “catch up” after treatment are the extent of the growth 
deficit, appropriate nutrition, and duration of the disease-
free state [46]. 

Larval migration can result in Loeffler’s syndrome, 
which occurs 1 to 2 weeks after infection. Symptoms of 
eosinophilic pneumonitis, including pleuritic chest pain, 
dyspnea, wheezing, fever, and occasionally hemoptysis, 
should raise suspicion in the treatment of susceptible 
patients. The chest radiograph may show bilateral infiltrates, 
which are migratory and usually clear spontaneously and 
completely after several weeks [47]. 

Gastrointestinal complications caused by a heavy 
parasite load include obstruction, intussusception, perfo-
ration, and appendicitis. Worms occasionally invade the 
biliopancreatic tract. Consequences include biliary colic, 
acute cholecystitis, acute cholangitis, acute pancreatitis. 
and hepatic abscess [38]. Patients with one episode of 

Ascaris-induced biliary tract invasion may be at risk for 
subsequent episodes [48]. This raises the question of host 
factors attracting the parasites to unusual locations.

 Treatment is with albendazole or mebendazole. 
Individuals should be followed for 3 to 4 months after 
treatment to ensure that the worms have been eliminated. 
Reinfection in endemic areas exceeds 80% within 6 
months [38]. Mass treatment of all school children with 
a single dose of albendazole or mebendazole every 3 to 
4 months in endemic areas has decreased intensity of the 
infection without effect on prevalence [49].

Strongyloidiasis
Strongyloides stercoralis is the only nematode that is able 
to complete its entire life cycle within one human host. 
Individuals with HIV infection have increased risk for super-
infection and disseminating disease. This parasite is endemic 
in tropical and subtropical regions and occurs sporadically 
in temperate areas. Estimated worldwide prevalence is about 
60 million infections. In the United States, the highest rates 
of infection are found in immigrants from endemic areas, 
mental institutions, and immunosuppressed persons. The 
highest prevalence in the United States is in Appalachia and 
can be as high as 4% [40]. 

The life cycle is similar to that of other nematodes with 
important exceptions. Strongyloides organisms reside in the 
duodenum and proximal jejunum. There they burrow into 
intestinal mucosa and transform into the hermaphroditic 
adult. After 3 weeks, adults produce eggs that may develop 
into noninfectious larvae (rhabditiform larvae), which are 
usually passed in feces. These larvae can metamorphose 
into the filariform larvae, which can reinfect the host by 
invading bowel wall (prior to being passed) or perianal 
skin [40]. These organisms are relatively small in size, 
measuring 2 to 2.5 mm × 30 to 50 m. 

S. stercoralis organisms live in the human small intes-
tine up to 5 years by downregulating the immune system 
of the human host. This effect is mediated by the ability 
to decrease numbers of mature macrophages, resulting 
in the lack of immune response demonstrated by similar 
profiles of intraepithelial lymphocytes in small intestine in 
infected patients and control subjects [50].

Clinical symptoms are usually mild and consist of 
nonspecific gastrointestinal, cutaneous, or pulmonary 
symptoms that persist for years. Eosinophilia can occur 
in the absence of symptoms, and up to 30% of infected 
people are asymptomatic [51]. Strongyloides infection 
may also occasionally be suspected during an upper gas-
trointestinal series due to the reflux of barium into the 
biliary tract caused by an incompetent sphincter of Oddi. 
This sphincter incompetence is caused by the rigidity of 
the duodenal wall in the situation of chronic scarring 
from the invasive worm [52]. 

In contrast, the potentially fatal hyperinfec-
tion syndrome has multiorgan manifestations. The 
symptoms of hyperinfection include fever, chills, and 
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anorexia. The skin may demonstrate a non-blanch-
ing, serpiginous, petechial rash that suggests invasion 
from cutaneous venous circulation [52–54].  The most 
common gastrointestinal symptoms are generalized 
abdominal pain, nausea, vomiting, and bloody and non-
bloody diarrhea. Complications of pulmonary involvement 
can result in adult respiratory distress syndrome (ARDS) 
and respiratory failure in 50% of cases. Strongyloides
organisms carry bacteria across the intestinal wall into 
the blood as they migrate, resulting in sepsis, meningitis, 
peritonitis, and endocarditis. These secondary infections 
are associated with high mortality [55–57].

Hyperinfection syndrome begins with autoinfection 
within the gastrointestinal tract of the host. When rhabditi-
form larvae mature into filariform larvae, they penetrate 
the intestinal wall and enter the bloodstream. In the hyper-
infection syndrome, autoinfection is significantly increased, 
with a markedly elevated worm burden. Filariform larvae 
can disseminate to multiple organs and cause severe local 
inflammation reactions, as described previously. 

Patients at risk for disseminated infections include 
those with lymphoproliferative malignancies, those 
being treated with chemotherapy or steroids, and HIV- 
or human T-cell lymphocytic virus (HTLV-1)–positive 
individuals. Infection with HTLV-1 is a greater risk for 
hyperinfection than HIV-1 infection, most likely due to 
suppression of IgE [54–57]. Intermittent or continuous 
use of corticosteroids is another common risk. Screening 
with stool ova and parasites for Strongyloides organisms 
should be done before starting immunosuppressive 
therapy in individuals from endemic areas due to the risk 
of hyperinfection syndrome [58].

The diagnosis is based on the clinical syndrome of 
gastrointestinal and skin findings and testing of stool 
for ova and parasites. However, about 25% of infected 
patients have negative results in stool examinations [58]. 
The Baerman concentration technique and modified 
agar plate method can increase sensitivities of stool stud-
ies. Aspirated duodenojejunal fluid and Enterotest (HDL 
Corp., Huntington Beach, CA) have approximately 90% 
sensitivity [51,58]. The most accurate method of diagnosis 
is the enzyme-linked immunoabsorbent assay (ELISA), 
which is highly sensitive and specific, even in cases of 
repeatedly negative results from stool studies [54].

Both thiabendazole and ivermectin are effective treat-
ments. Ivermectin is better tolerated by most individuals. 
Patients need to be closely followed after treatment because 
relapses and treatment failures are not uncommon.

Hookworm
Hookworm disease, caused by infection with Necator amer-
icanus and Ancylostoma duodenale organisms, is the most 
common cause of chronic intestinal infection and accounts 
for an estimated 740 million cases in the tropics. Hookworm 
is mostly found in areas with high rainfall [59]. Hookworm 
was almost eliminated from the United States after extensive 

control efforts, although it was endemic in the southeastern 
United States at the turn of the 20th century [60].

The life cycle of hookworm infection begins with third- 
stage larvae that live in the soil. When the larva comes in 
contact with human skin, it penetrates almost instantly. 
It then follows the general life cycle of nematodes, as 
discussed earlier. When the eggs are expelled they develop 
in the soil and wait for the next passer-by.

Hookworm infections cause intestinal blood loss and 
consequent iron-deficiency anemia [59,60]. Hookworm is 
able to cause chemical and mechanical breakdown of small 
arterioles and veins in the intestinal wall. The organism 
applies its mouth, which serves as a suction cap, to the 
intestinal surface and induces mechanical rupture of the 
mucosal blood vessels. Hookworms also produce hydrolytic 
enzymes, which chemically break down the vessel wall [59]. 
In addition, these worms secrete anticoagulants that are 
now being investigated for the treatment of thrombophilia 
associated with Ebola virus infection [61]. 

The clinical presentation of chronic hookworm infec-
tion includes symptomatic anemia, recurrent epigastric 
pain, nausea, exertional dyspnea, palpitations, fatigue, and 
headache [62,63]. The severity of clinical presentation and 
anemia is directly related to worm burden. Hemoglobin 
levels of less than 11 g/dL are associated with a hookworm 
burden of approximately 100. A. duodenale may also cause 
a syndrome called Wakana disease, which is characterized 
by nausea, vomiting, pharyngeal irritation, and cough [64].

A laboratory finding associated with hookworm 
infection is eosinophilia, which is usually detected 5 to 9 
weeks after onset of infection [60]. Hookworm infection 
may also cause hypoalbuminemia from decreased 
absorption in the intestinal tract, presenting as diffuse 
anasarca and ascites in severe infections. Hookworm 
infection is diagnosed by demonstration of eggs in the 
stool. Adult worms can be detected endoscopically in 
symptomatic individuals [64].

Children are most vulnerable to hookworm infection-
related consequences. Hookworm infections are directly 
related to stunted physical growth and diminished memory, 
reasoning ability, and reading comprehension in children 
[65,66]. In contrast to other helminthic infections, however, 
in which worm burden peaks in childhood, hookworm 
infections tend to peak or plateau in adulthood [67]. These 
observations led to theories that hookworm infections can 
either evade or suppress the host immune system [68,69].

Immunomodulatory molecules isolated from the adult 
hookworm include T-cell apoptotic factor, an integrin antag-
onist of host CD11b and CD18, retinol-binding protein, a 
C-type lectin, a tissue inhibitor of metaloproteases, cysteine-
rich secretory proteins, and an eotaxin-degrading factor [69]. 
From these data it can be reasoned that hookworm infection 
predisposes infected individuals to other infections. Because 
hookworm infection is one of the most common chronic 
intestinal infections worldwide, the consequence of “second-
ary” infections, particularly susceptibility to HIV, malaria, 
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and tuberculosis, is currently being explored [70–72]. Two 
preliminary studies have failed to support this concept, how-
ever [73,74]. Further study is ongoing.

The only FDA-approved treatment of hookworm is 
with mebendazole for 3 days, 100 mg orally twice a day (an 
alternate dose of 500 mg in 1 day has been used). Alternative 
medications include pyrantel pamoate and albendazole. The 
World Health Organization has set a goal to provide routine 
treatment for at least 75% of all school-age children at risk 
by 2010 [75]. The aim of this intervention is to minimize the 
impact of hookworm on physical and neurologic development. 
The added benefit of reducing worm burden may be to reduce 
other infections.

The Sabin Vaccine Institute, in partnership with the 
Department of Microbiology and Tropical Medicine of The 
George Washington University Laboratory, has developed 
a genetically engineered recombinant hookworm vaccine. 
Clinical trials to test the safety of the hookworm vaccine are 
anticipated to start in 2005. Hookworm vaccine is designed 
as a bivalent vaccine. A part of the vaccine is derived from 
third-stage larvae to reduce hookworm burden, and the 
other part is derived from adult hookworm to decrease 
blood loss. The vaccine is designed to be used in combina-
tion with antihelminthic agents. Advantages of the vaccine 
are decreased reliance on antihelminthics, better results in 
areas where traditional methods have failed, and avoidance 
or reduction of drug-resistant strains of hookworm [76]. 
US phase I and phase II trials in endemic areas of Brazil are 
underway. Results are expected to be reported in 2007 and 
will lay the groundwork for larger clinical trials to evaluate 
the efficacy and safety of this vaccine [76].

Trematodes
Fasciolopsis buski is a large intestinal fluke (measuring 
up to 75 mm in length) that is a common parasite of pigs 
and humans in southeast Asia and the Far East. Two other 
small intestinal trematodes, Heterophyes heterophyes and 
Metagonimus yokogawi, measure less than 2.5 mm in 
length. H. heterophyes is found predominantly in the Middle 
East. M. yokogawi is endemic in eastern Asia [77–79].

Humans acquire infection by ingestion of con-
taminated water or plants (F. buski) or by eating raw fish 
(H. heterophyes and M. yokogawi). Eggs, being passed into 
fresh water from inappropriate disposal of waste, mature 
over a few weeks into free-swimming miracidia. Miracidia 
develop into cercariae in the tissue of snails over a period 
of 3 to 5 months. After the cercariae are released from 
the snail back into the water, they encyst on the leaves of 
any one of a number of common food plants (F. buski). 
H. heterophyes and M. yokogawi cercariae, however, 
encyst in the tissues of certain freshwater fish. When the 
contaminated fish are consumed uncooked, humans become 
infected. Adult flukes survive for approximately 1 year. They 
are usually found in the duodenum and jejunum. 

F. buski infection is usually asymptomatic. Symp-
toms, when present, occur from a heavy parasite load. 

Typical symptoms include anorexia, nausea, vomiting, and 
malabsorption, which can result in severe protein loss that 
can manifest with edema and ascites [77,78].

Symptoms of H. heterophyes and M. yokogawi
infection are associated with necrosis and ulceration 
of the intestinal mucosa. Anorexia, nausea, abdominal 
pain, weight loss, dyspepsia, and mucous diarrhea may 
occur with an especially high parasite burden [78,79]. 
Occasionally, eggs spread hematogenously to ectopic sites 
such as the heart or central nervous system [78].

Diagnosis of intestinal fluke infection is made by demon-
stration of eggs or adult worms in the stool. Diagnostic yield 
can be increased by concentration of stool. Treatment is with 
praziquantel in three divided doses for 1 day. Follow-up stool 
studies should be performed to confirm eradication.

Conclusions
The majority of the world’s population harbors at least one 
parasite of the small intestine. Most of these infections are 
subclinical. Despite the absence of symptoms, however, 
the impact in developing nations is profound. Physical and 
neurologic development may be delayed or stunted. Infected 
persons are at risk for other diseases. Most of these illnesses 
can be controlled—and in some cases eliminated—through 
improved sanitation and targeted treatment. At present, 
vaccines do not prevent illness entirely but serve as an 
adjunct to standard medications.
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