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Introduction
Intestinal nematodes or roundworms that inhabit the
human gastrointestinal tract have been known since anti-
quity, but only in the past few decades have their full
impact on health and the beneficial effects of mass treat-
ment programs been appreciated. These geohelminths are
prevalent throughout the developing world in areas where
sanitation, personal hygiene, and maternal education are
low. Geohelminthic infections result from ingestion of
fecally contaminated food or water or through skin contact
with contaminated soil. It is estimated that more than 3
billion people are infected worldwide [1••]. Intestinal hel-
minths remain important causes of morbidity, and occa-
sionally morality, among residents of impoverished areas.

The five nematodes accounting for the major burden of
disease  are  Ascar i s  lumbrico ides ,  the hookworms
Ancy los toma duodena le  and Necator  amer icanus ,
Trichuris trichiura and Strongyloides stercoralis. A. lumbricoides is
the most prevalent. It is followed in frequency by the hook-
worms, T. trichiura and S. stercoralis. In developing areas, the
majority of the population is often infected with more than
one geohelminthic species, and worm burdens are
frequently heavy, particularly in children.

In the United States and Canada, intestinal nematodes
are most likely to be encountered among immigrants,
those seeking asylum, and travelers who have lived for
prolonged periods of time under conditions of poor
sanitation. However, not all geohelminthic infections are
acquired abroad. S. stercoralis is endemic in focal areas of
the southeastern United States. On rare occasions A. lum-
bricoides and T. trichiura are diagnosed among residents of
the United States who have not traveled.

The past decade has witnessed substantial advances in
understanding the epidemiology, immunology, and impact
of the geohelminths, along with the introduction of
effective broad-spectrum anthelmintic drugs [2].
Targeted mass treatment programs with albendazole in
populations with a high prevalence of A. lumbricoides, hook-
worms, and T. trichiura have been shown to enhance growth
and performance in school-aged children. Ivermectin has
emerged as the treatment of choice for S. stercoralis. Recent
developments associated with the geohelminths and their
treatment are discussed below.

Ascaris lumbricoides
Ascaris lumbricoides is the only intestinal nematode, or
roundworm, that resembles an earthworm in size and
shape. Female A. lumbricoides attain lengths up to 40 cm,
while the males can reach 35 cm. Each female produces as
many as 200,000 eggs a day. They are excreted in the stool.
One of the factors that accounts for the high prevalence of
infection worldwide is the ability of the eggs to survive
under a variety of environmental conditions. Eggs take 2 to
4 weeks to become infective after reaching the soil. After
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ingestion, they excyst in the gut. Larvae invade the wall of
the intestine, travel to the lungs, enter the alveolae, migrate
to the larynx, are swallowed, and then develop to adult-
hood in the gastrointestinal tract.

An estimated 1.3 billion people globally are infected
with A. lumbricoides, with approximately 12 million cases
of acute illness and 10,000 deaths each year [3•]. Most
morbidity is in children. Epidemiologic studies suggest
that susceptibility to the parasite frequently aggregates in
families. An analysis of a single large pedigree in Nepal
indicated that the genetic component accounted for
between 30% and 50% of the variation in worm burden,
while shared environmental factors accounted for only 3%
to 13% of the phenotypic variance [4]. The mechanism of
immunity to A. lumbricoides is not fully understood, but
there appears to be a highly polarized Th2-type response
during infection, and there is a correlation between the
titer of parasite-specific IgE and resistance [5,6]. In a study
in Venezuela, children with a strong atopic history demon-
strated higher specific IgE responses against the parasite
and had significantly lower intensities of infection than
their nonatopic counterparts [6].

Ascaris lumbricoides produces several forms of disease.
Migrating larvae in the lungs can elicit fever, cough, chest
pain, dyspnea, and wheezing [7]. Eosinophilia is common
and chest radiographs may reveal opacities. But most of the
pathology in A. lumbricoides infection is due to adult worms.
When the worm burden is high, adult worms can form a
bolus in the intestinal tract causing obstruction [8•,9•]. On
occasion, single worms migrate into the hepatobiliary tract
producing biliary colic or occasionally cholangitis [10,11] or
pancreatitis [12]. Adult A. lumbricoides have also been found
in the appendix of persons presenting with symptoms of
acute appendicitis [13]. Finally, heavy infections with A. lum-
bricoides and other intestinal helminths in children have been
associated with malnutrition and growth retardation.

The diagnosis of A. lumbricoides is typically made by
identifying ova in stool. On occasion, migrating adult
worms may be seen in feces or may be expectorated or
emerge from the nose. Adult worms can be identified in
the small bowel, biliary tree, pancreas, or appendix by
ultrasound [10,12,13]. They appear as ecogenic, non-
shadowing images, either as single or multiple strips. The
digestive tract of the worm appears as an anechoic inner
tube. Adult worms can also be visualized by CT scan. In the
lumen of the bowel, they appear as cylindrical filling
defects when contrast is used. The intestinal tract of the
worm may be seen as a thin thread of oral contrast material
within the tubular filling defect [14].

Among the intestinal nematodes, A. lumbricoides is the
most sensitive to treatment with benzimidazoles. A single
dose of albendazole, 400 mg, which is commonly used in
mass treatment programs, is highly effective. Although
mebendazole, 100 mg twice a day for 3 days, is typically
recommended, a single dose of as little as 25 mg may be effec-
tive [15]. Pyrantal pamoate and ivermectin are alternatives.

Mass treatment programs with albendazole have gener-
ally targeted school children infected with A. lumbricoides
and other intestinal nematodes. In areas of high endemicity
where reinfection is common, treatment at 3- to 4-month
intervals is more effective than at 6- to 12-month intervals.
Endoscopic extraction and sphincteroplasty have been used
successfully to remove adults from the biliary tract [12], but
noninvasive treatment with an anthelminthic is also
effective in most cases [16].

Hookworms: Ancylostoma duodenale 
and Necator americanus
The hookworms, A. duodenale and N. americanus, are major
causes of iron loss and iron deficiency anemia among
residents of developing countries [17,18•]. They are
estimated to infect approximately 1 billion people worldwide.
The prevalence of hookworm infection increases with age in
children, typically plateauing in late adolescence. Infection
occurs when people come in contact with fecally contami-
nated soil, and infectious filariform larvae invade through
their skin. Hookworm larvae produce an aspartyl protein-
ase that degrades a number of cutaneous macromolecules
allowing penetration [19]. After entering the skin, larvae
migrate to the lung, enter alveolae, migrate up the
bronchial tree, are swallowed, and reach adulthood in the
gastrointestinal tract.

Adult hookworms attach to the mucosa of the small
intestine and live on the host’s blood, which flows through
their intestine. They have a number of complementary
strategies that allow them to inhibit the host’s hemostatic
processes [20–22]. Hookworms inhibit platelet aggrega-
tion and adhesion through functional blockade of inte-
grins GPIIb/IIIa and GPIa/IIa [21]; secrete anticoagulant
peptide, a specific and potent inhibitor of factor Xa [22];
and release fibrinogenolytic enzymes [20].

Penetration of the skin by filariform larvae can pro-
duce a local vesicular rash with pruritus and edema
known as “ground itch.” Cough, chest pain, wheezing,
dyspnea and pulmonary infiltrates with eosinophilia can
result as larvae migrate through the lung [7]. Chest radio-
graphs may reveal opacities. Humans experimentally
infected with N. americanus developed abdominal pain
and other gastrointestinal symptoms approximately 5
weeks after infection when adult worms attached in the
intestine. Ova first appeared in the stool beginning at
approximately week 6. Thus, travelers who are infected
with hookworm may present with eosinophilia and
abdominal symptoms before ova appear in their stools.
On rare occasions, heavy primary hookworm infections
are associated with gross gastrointestinal bleeding.

The hallmark of chronic hookworm infection is iron
deficiency anemia. The development of anemia depends
on the hookworm species and the number of adult worms,
as well as the amount of iron in the diet and its bio-
availability. Anemia is greater per worm with A. duodenale
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than N. americanus. In a recent study in Tanzania, the prev-
alence of anemia among children with A. duodenale was
80.6%, and in children with N. americanus the prevalence
of anemia was 60.5% [23]. Hookworms are also an impor-
tant cause of anemia in pregnant women, who may be
overlooked in current helminthic control programs that
target school-aged children.

Albendazole 400 mg once or mebendazole 100 mg
twice a day for 3 days are the treatments of choice. Both
drugs are teratogenic and should not be used during preg-
nancy. Hookworms are also susceptible to pyrantal pamo-
ate, but not to ivermectin [24]. The anemia associated with
hookworm infection responds to iron replacement.

Trichuris trichiura (Wipworm)
The third major geohelminth is T. trichiura, the whipworm
[17,25]. It is estimated to infect more than 1 billion people
and is widely distributed around the world. Infection is
acquired through ingestion of fecally contaminated food
or water. Ova excyst and develop within the gastro-
intestinal tract. Adult worms insert in the wall of the colon
causing local tissue damage, abdominal discomfort,
diarrhea, and blood loss. A dysenteric syndrome can
develop in children with heavy infections. It is associated
with chronic diarrhea, anemia, malnutrition, and stunting.
The effects on nutrition and growth are thought to be
mediated in part by inflammatory cytokines such has
tumor necrosis factor-α produced in response to infection.
Rectal prolapse is a rare, but feared complication in
children with heavy T. trichiura burdens.

Trichuris muris, a parasite of mice, has been used as a
model system to study potentially protective mucosal
immune responses to intestinal nematodes [26,27]. In gen-
eral, inbred strains of mice that have dominant Th2-type
responses expel T. muris .  In contrast,  those with
dominant Th1-type responses develop chronic intestinal
infections. Interleukin-9 (IL-9) is expressed early in mice
with protective immune responses and is associated with
enhanced intestinal mastocytosis and the production of IgE
and IgG1 antibodies. IL-9 transgenic mice, which
constitutively overexpress IL-9, display a rapid immune
response and expel the parasite [26]. Conversely, IL-12,
which is important in initiating production of interferon-γ, a
Th1 cytokine, promotes chronic infection [27]. There is
evidence to suggest that T. muris produces an interferon-γ-like
homologue that may contribute to the progression of disease
[28]. Finally, mice that are initially resistant to T. muris
become susceptible when IL-4 is knocked out. IL-13 appears
to play an important role in the effector mechanisms that
lead to expulsion of worms in resistant animals [29]. The rel-
evance of these findings to humans infected with T. trichiura
and other intestinal nematodes is still conjectural.

Trichuris trichiura responds well to mebendazole 100
twice a day for 3 days. A single dose of albendazole 400 mg
will reduce the worm burden, but daily doses of 400 mg

for 3 days are indicated in persons with heavy infestations.
Neither pyrantel pamoate nor ivermectin are effective for
the treatment of trichuriasis.

Stronglyoides stercoralis
Stronglyoides stercoralis is endemic in the southeastern
United States and throughout tropical and subtropical
developing areas [30,31]. It is not as prevalent as A. lum-
bricoides, hookworms, or T. trichiura worldwide. Unlike
the other intestinal nematodes discussed above, S. stercor-
alis has the capacity for autoinfection. This can result in
chronic infections in immunocompetent persons and
may progress to life-threatening hyperinfection in those
who are immunocompromised.

Persons typically become infected when filariform
larvae in the soil enter through exposed skin. Larvae migrate
through the venous system to lungs, break through to alveo-
lae, migrate to the pharynx, and are swallowed. They can pro-
duce cough, dyspnea, and wheezing while migrating through
the lungs. They develop to adulthood in the gastrointestinal
tract and produce ova, which hatch in the intestine releasing
rhabditiform larvae, some of which convert to potentially
invasive filariform larvae that can result in autoinfection.

Once established, S. stercoralis infections can persist for
many years, as evidenced by their identification in former
prisoners of war decades after they were infected in South-
east Asia during World War II. Rhabditiform larvae are
excreted in a fluctuating manner in stool. After reaching
soil they convert either to infectious filariform larvae or,
unlike the other geohelminths, free-living adult parasites
that produce ova that hatch, releasing rhabditiform larvae
that mote to become infectious filariform larvae in the soil.

Persons infected with S. stercoralis may present with
pulmonary or gastrointestinal symptoms, migrating skin
larvae (larva currens), and/or eosinophilia [30,32]. In
immunocompromised persons, massive numbers of filari-
form larvae can invade the intestine entering the lungs,
central nervous system, and other organs. They can cause
extensive tissue damage and are frequently associated with
polymicrobial sepsis or meningitis due to enteric bacteria
that are carried on their surfaces.

High prevalences of S. stercoralis infection and hyper-
infection have been observed in persons concurrently
infected with the human T-cell lymphotrophic virus-type
1 (HTLV-1) [33–35]. Peripheral blood mononuclear cells
from persons with HTLV-1 spontaneously produce inter-
feron-γ at high levels [34]. It has been postulated that
interferon-γ is responsible for the down-regulation of Th2
responses and IgE production in HTLV-1-infected persons,
and thereby impairs host defenses against S. stercoralis.
Consistent with this hypothesis are observations in mice
that administration of IL-12, which increases interferon-γ
secretion, decreases eosinophils and parasite-specific IgG1
and thus inhibits Th2-dependent protective immune
responses against S. stercoralis [36].
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 Hyperinfection can also occur in persons with sup-
pressed immunity due to neoplasms, malnutrition, or
administration of immunosuppressive drugs. Hyperinfection
was once a major problem following renal transplantation in
patients who received intravenous, high-dose methylpred-
nisolone for rejection. Exogenous steroids appear to be
homologues of molecules that stimulate conversion of rhab-
ditiform to filariform larvae. No cases of hyperinfection have
been observed in transplant recipients while they were taking
cyclosporine [37], which has been demonstrated to have
antistrongyloides activity in an animal model. Hyper-
infection can occur in patients with AIDS [38–40], but the
incidence has been less than initially expected [41].

Patients with hyperinfection due to S. stercoralis can
present in a number of ways [38–47]. Some have pulmo-
nary involvement with respiratory tract symptoms and infil-
trates on chest radiograph [43]. Others develop intestinal
lesions. Disseminated infection can masquerade as ulcer-
ative colitis [44]. Eosinophilic granulomatous enterocolitis
has also been reported [45], and some persons have pre-
sented with symptoms of intestinal obstruction [46,47].
Others present with polymicrobial sepsis or meningitis and
multiple organ failure. The mortality rate of hyperinfection,
even with therapy, is high.

The diagnosis of S. stercoralis is confirmed by identify-
ing larvae in stool, tissue, or secretions. Larvae are excreted
intermittently and at relatively low numbers in stool. The
agar plate method appears to be the most sensitive for
detection; it is positive in approximately 90% of those
infected [48,49]. The detection of antistrongyloides anti-
bodies is suggestive of prior or active infection, but it is not
diagnostic. Both false-positive and false-negative results
occur, and the predictive value of the test is dependent on
the prevalence of S. stercoralis in the population.

Thiabendazole was widely used for the treatment of
S. stercoralis, but more than half of the recipients experi-
enced substantial side effects, and the drug is no longer
produced. Ivermectin is effective for S. stercoralis and
better tolerated than thiabendazole. In a recent large
field study, a single dose of 200 µg/kg cured 83% of
recipients [24]. Ivermectin has been used successfully to
treat S. stercoralis infections that were not cured by thia-
bendazole [50], but some cases have been refractory to
ivermectin, even after multiple doses [51]. Albendazole
has activity against S. stercoralis, but it is less effective
than thiabendazole or ivermectin. When albendazole
was administered at a dose of 400 mg daily for 3 days,
45% of infected children were cured in one study [24].

Mass Treatment Programs for Geohelminths
In recent years attempts have been made to quantify the
impact of intestinal nematode infections and their treat-
ment on the nutritional status of children and adults living
in endemic areas [1••,2]. A single 400-mg dose of albenda-

zole has been widely used in mass treatment programs,
many of which have been targeted at school-aged children.
This dose is effective against A. lumbricoides and hook-
worms, and although not always curative for T. trichiura,
reduces the parasite burden. Unfortunately, reinfections
are common in developing areas where sanitation and
hygiene are poor, and retreatment with albendazole is
needed. The results are generally best if children are treated
at 3- to 4-month intervals [52].

A great deal of interest followed reports from Kenya that
school-aged children demonstrated improved growth and
performance after treatment for hookworms, T. trichiura,
and A. lumbricoides [53,54]. Four months after treatment
with albendazole, school boys were found to have gained
significantly more weight (1.0 kg) than untreated controls.
They also had a significantly greater incremental growth in
height, 0.6 cm [53]. In other studies, Kenyan children
treated once or twice with albendazole during a year were
1.1 kg and 0.9 kg heavier, respectively, and had 3.3% and
2.7% greater weight-for-age than untreated controls [54].
Increased appetite and physical activity were also noted in
the albendazole-treated children. Subsequently, a deworm-
ing program was shown to improve the growth of school
children in Zanzibar, but the differences between treated
children and controls after 1 year, although significant,
were smaller, 0.20 kg in body weight and 0.30 cm in height
in children younger than 10 years of age [55]. Likewise, in a
study in Guatemala, a small gain was noted in weight (0.18
kg) in children 6 months after deworming [56].

It has been hypothesized that geohelminths and other
enteric pathogens might also adversely affect intellectual
development and cognitive function, resulting not only
in physical stunting, but impaired intellectual capacity.
Further studies are needed to address this in children who
are infected early in life during the formative period of
intellectual development.

Conclusions
The past decade has witnessed dramatic advances in the
epidemiology, immunology, and understanding of the
impact of geohelminthic infections, and the introduction of
effective, broad-spectrum anthelmintic drugs. A. lumbri-
coides, the hookworms, T. trichiura, and/or S. stercoralis infect
more than 3 billion people worldwide. They are responsible
for substantial morbidity and sometimes death. Their great-
est impact is on pediatric populations. Albendazole or
mebendazole are the drugs of choice for A. lumbricoides,
hookworms, and T. trichiura; ivermectin is indicated for S.
stercoralis. Mass treatment programs with albendazole have
resulted in enhanced growth and performance in school-
aged children infected with geohelminths in developing
areas. Until economic development and improved sanita-
tion are possible, periodic targeted mass treatment appears
to be the best strategy for control.



An Update on the Geohelminths  •  Pearson 63
References and Recommended Reading
Papers of particular interest, published recently, have been 
highlighted as:
• Of importance
•• Of major importance

1.•• Drake LJ, Bundy DA: Multiple helminth infections in 
children: impact and control. Parasitol 2001, 122(Suppl):
S73–S81.

This is an excellent review of the impact of intestinal helminths 
worldwide and the efficacy of control measures.

2. Guyatt HL: Mass chemotherapy and school-based 
anthelmintic delivery. Trans R Soc Trop Med Hyg 1999, 
93:12–13.

3.• de Silva NR, Chan MS, Bundy DA. Morbidity and mortality 
due to ascariasis: re-estimation and sensitivity analysis of 
global numbers at risk. Trop Med Int Health 1997, 2:519–528.

It is estimated that 1300 million people globally are infected with A. 
lumbricoides, with 12 million cases of acute illness and 10,000 deaths 
per year. Children account for a disproportionate share of morbidity.

4. Williams-Blangero S, Subedi J, Upadhayay RP, et al.: 
Genetic analysis of usceptibility to infection with Ascaris 
lumbricoides. Am J Trop Med Hyg 1999, 60:921–926.

5. McSharry C, Xia Y, Holland CV, Kennedy MW: Natural 
immunity to Ascaris lumbricoides associated with immuno-
globulin E antibody to ABA-1 allergen and inflammation 
indicators with children. Infect Immun 1999, 67:484–489.

6. Lynch NR, Hagel IA, Palenque ME, et al.: Relationship between 
helminthic infection and IgE response in atopic and 
nonatopic children in a tropical environment. J Allergy Clin 
Immunol 1998, 101:217–221.

7. Sarinas PS, Chitkara RK: Ascariasis and hookworm. Semin 
Respir Infect 1997, 12:130–137.

8.• De Silva NR, Guyatt HL, Bundy DA. Worm burden in 
intestinal obstruction caused by Ascaris lumbricoides. 
Trop Med Int Health 1997, 2:189–190.

This is an excellent review of intestinal obstruction due to 
A. lumbricoides. Of patients presenting to the hospital with intestinal 
obstruction, most were children. The worm burden was typically 
greater than 60 and approximately tenfold higher in fatal cases.

9.• de Silva NR, Guyatt HL, Bundy DA: Morbidity and mortality 
due to Ascaris-induced intestinal obstruction. Trans R Soc Trop 
Med Hyg 1997, 91:31–36.

In 12 studies of Ascaris-induced intestinal obstruction, the case-
fatality rate ranged from 0% to 8.6%, with a weighted mean of 5.7%. 
The mean age of obstruction was less than 5 years in six of seven 
studies in which the age was specified.
10. Mani S, Merchant H, Sachdev R, et al.: Sonographic evaluation 

of biliary ascariasis. Australas Radiol 1997, 41:204–206.
11. Misra SP, Dwivedi M: Clinical features and management of 

biliary ascariasis in a non-endemic area. Postgrad Med J 2000, 
76:29–32.

12. Yamamoto H, Tamada K, Tomiyama T, et al.: Ascaris 
pancreatitis; early diagnosis by ultrasonography and 
endoscopic treatment. Endocopy 1998, 30:316.

13. Misra SP, Dwivedi M, Misra V, et al.: Preoperative sonographic 
diagnosis of acute appendicitis caused by Ascaris 
lumbricoides. J Clin Ultrasound 1999, 27:96–97.

14. Beitia AO, Haller JO, Kantor A: CT findings in pediatric 
gastrointestinal ascariasis. Comput Med Imaging Graph 1997, 
21:47–49.

15. Nontasut P, Waitkagul J, Muennoo C, et al.: Minimum effective 
doses of mebendazole in treatment of soil-transmitted 
helminths. Southeast Asian J Trop Med Public Health 1997, 
28:326–328.

16. Gonzalez AH, Regalado VC, van den Ende J: Non-invasive 
management of Ascaris lumbricoides biliary tract migration: 
a prospective study in 69 patients from Ecuador. Trop Med 
Intern Health 2001, 6:146–150.

17. Grencis RK, Cooper ES: Enterobius, trichuris, capillaria, and 
hookworm including Ancylostoma caninum. Gastroenterol 
Clin North Am 1996, 25:579–597.

18.• Stoltzfus RJ, Dreyfuss ML, Chwaya HM, Albonico M: 
Hookworm control as a strategy to prevent iron deficiency. 
Nutr Rev 1997, 55:223–232.

The prevalence of hookworm infection increases with age in children 
and typically plateaus in late adolescence. Intestinal blood loss is 
proportional to the number of adult worms in the gut. Hookworms are 
an important cause of anemia in women, who are often overlooked by 
current helminth control programs that target school-aged children.
19. Brown A, Girod N, Billett EE, Pritchard DI: Necator americanus 

(human hookworm) aspartyl proteinases and digestion of 
skin macromolecules during skin penetration. Am J Trop Med 
Hyg 1999, 60:840–847.

20. Furmidge BA, Horn LA, Pritchard DI: The anti-haemostatic 
strategies of the human hookworm Necator americanus. 
Parasitology 1996, 112:81–87.

21. Chadderdon RC, Cappello M: The hookworm platelet 
inhibitor: functional blockade of integrins GPIIb/IIIa 
(alphaIIbbeta3) and GPIa/IIa (apha2beta1) inhibits platelet 
aggregation and adhesion in vitro. J Infect Dis 1999, 
179:1235–1241.

22. Cappello M, Hawdon JM, Jones BF, et al.: Ancylostoma 
caninum anticoagulant peptide: cloning by PCR and expres-
sion of soluble, active protein E. coli. Mol Biochem Parasitol 
1996, 80:113–117.

23. De Clercq D, Sacko M, Behnke J, et al.: Failure of mebendazole 
in treatment of human hookworm infections in the southern 
region of Mail. Am J Trop Med Hyg 1997, 57:25–30.

24. Marti H, Haji HJ, Savioli L, et al.: A comparative trial of a 
single-dose ivermectin versus three days of albendazole for 
treatment of Strongyloides stercoralis and other soil-
transmitted helminth infections in children. Am J Trop Med 
Hyg 1996, 55:477–481.

25. Stephenson LS, Holland CV, Cooper ES: The public health 
significance of Trichuris trichiura. Parasitology 2000, 
121(Suppl):S73–S95.

26. Faulkner H, Renauld J, Van Snick JC, Grencis RK: Interleukin-9 
enhances resistance to the intestinal nematode Trichuris 
muris. Infect Immun 1998, 66:3832–3840.

27. Bancroft AJ, Else KJ, Sypek JP, Grencis RK: Interleukin-12 
promotes a chronic intestinal nematode infection. Eur J 
Immunol 1997, 27:866–870.

28. Grencis RK, Entwistle GM: Production of an interferon-
gamma homologue by an intestinal nematode: functionally 
significant or interesting artifact? Parasitolgy 1997, 
115(Suppl):S101–S106.

29. Bancroft AJ, Artis D, Donaldson DD, Sypek JP, Grencis RK: 
Gastrointestinal nematode expulsion in IL-4 knockout mice 
is IL-13 dependent. Eur J Immunol 2000, 30:2083–2091.

30. Mahmoud AA: Strongyloidiasis. Clin Infect Dis 1996, 
23:949–952.

31. Kitchen LW, Tu KK, Kerns FT: Strongyloides-infected patients 
at Charleston area medical center, West Virginia, 1997-1998. 
Clin Infect Dis 2000, 31:E5–E6.

32. Wehner JH, Kirsch CM: Pulmonary manifestations of 
strongyloidiasis. Sem Respir Infect 1997, 12:122–129.

33. Gotuzzo E, Terashima A, Alvaez H, et al.: Stronglyoides 
sterocoralis hyperinfection associated with human T cell 
lymphotropic virus type-1 in Peru. Am J Trop Med Hyg 1999, 
60:146–149.

34. Neva FA, Filho JO, Gam AA, et al.: Interferon-gamma and 
interleukin-4 responses in relation to serum IgE levels 
in persons infected with human T lymphotropic virus 
type I and Stronglyoides stercoralis. J Infect Dis 1998, 
178:1856–1859.

35. Plumelle Y, Gonin C, Edouard A, et al.: Effect of Strongyloides 
stercoralis infection and eosinophilia on age at onset and 
prognosis of adult T-cell leukemia. Am J Clin Pathol 1997, 
107:81–87.

36. Rotman HL, Schnyder-Candrian S, Scott P, et al.: IL-12 
eliminates the Th-2 dependent protective immune response 
of mice to larval Strongyloides stercoralis. Parasite Immunol 
1997, 19:29–39.



64 Tropical and Travel Medicine
37. Palau LA, Pankey GA: Strongyloides hyperinfection in a 
renal transplant recipient receiving cyclosporine: possible 
Strongyloides stercoralis transmission by kidney transplant. 
Am J Trop Med Hyg 1997, 57:413–415.

38. Guerin JM, Leibinger F, Mofredji A: Stronglyoides stercoralis 
infection in patients infected with human immunodeficiency 
virus. Clin Infect Dis 1997, 24:95.

39. Cahill KM, Shevchuk M: Fulminant, systemic strongyloidiasis 
in AIDS. Ann Trop Med Parasitol 1996, 90:313–318.

40. Sarangarajan R, Belmonte AH, Tchertkoff V: Strongyloides 
stercoralis hyperinfection diagnosed by gastric cytology in an 
AIDS patient. AIDS 1997, 11:394–396.

41. Sarangarajan R, Ranganathan A, Belmonte AH, Tchertkoff V: 
Strongyloides stercoralis infection in AIDS. AIDS Patient Care 
STD 1997, 11:407–414.

42. Husni RN, Gordon SM, Longworth DL, Adal KA: Disseminated 
Stronglyoides stercoralis infection in an immunocompetent 
patient. Clin Infect Dis 1996, 23:663.

43. Upadhyay D, Corbridge T, Jain M, Shah R: Pulmonary hyper-
infection syndrome with Strongyloides stercoralis. Am J Med 
2001, 111:167–169.

44. Weight SC, Barrie WW: Colonic Strongyloides stercoralis 
infection masquerading as ulcerative colitis. J R Coll Surg 
Edinburgh 1997, 42:202–203.

45. Gutierrez Y, Bhatia P, Garbadawala ST, et al.: Strongyloides 
stercoralis eosinophilic granulomatous enterocolitis. 
Am J Surg Pathol 1996, 20:603–612.

46. Beeching NJ, Gill GV: Sub-acute intestinal obstruction by 
Strongyloides stercoralis. J Infect 1996, 32:170.

47. Friedenberg F, Wongpraparut N, Fischer RA, et al.: Duodenal 
obstruction caused by Stronglyoides stercoralis in an 
HTLV-1-infected host. Dig Dis Sci 1999, 44:1184–1188.

48. Iwamoto T, Kitoh M, Kayashima K, Ono T: Larva currens: 
the usefulness of the agar plate method. Dermatology 1998, 
196:343–345.

49. Jongwutiwes S, Charoenkorn M, Sitthichareoncahai P, et al.: 
Increased sensitivity of routine laboratory detection of 
Strongyloides stercoralis and hookworm by agar-plate 
culture. Trans R Soc Trop Med Hyg 1999, 93:398–400.

50. Adenusi AA: Cure by ivermectin of a chronic, persistent, 
intestinal strongyloidiasis. Acta Trop 1997, 66:163–167.

51. Ashraf M, Gue CL, Baddour LM: Case report: strongyloidiasis 
refractory to treatment with ivermectin. Am J Med Sci 1996, 
311:178–179.

52. Albonico M, Stoltzfus RL, Savioli L, et al.: A controlled 
evaluation of two school-based anthelminthic chemotherapy 
regimens on intensity of intestinal helminth infections. 
Int J Epidemiol 1999, 28:591–596.

53. Stephenson LS, Latham MC, Adams EJ, et al.: Physical fitness, 
growth and appetite in Kenyan school boys with hookworm, 
Trichuris trichiura and Ascaris lumbricoides infections are 
improved four months after a single dose of albendazole. 
J Nutr 1993, 123:1036–1046.

54. Stephenson LS, Latham MC, Adams EJ, et al.: Weight gain of 
Kenyan school children infected with hookworm, Trichuris 
trichiura and Ascaris lumbricoides is improved after once- or 
twice-yearly treatment with albendazole. J Nutr 1993, 
123:656–665.

55. Stoltzfus RJ, Albonico M, Tielsch JM, et al.: School-based 
deworming program yields small improvement in growth 
of Zanzibari children after one year. J Nutr 1997, 
127:2187–2193.

56. Watkins WE, Pollitt E: Effect of removing Ascaris on the 
growth of Guatemalan schoolchildren. Pediatrics 1996, 
97:871–876.


	An Update on the Geohelminths:
	An Update on the Geohelminths:
	Richard
	Richard
	D.
	Pearson,
	MD

	Address
	Address
	Box 800379
	Box 800379

	Current Infectious Disease Reports
	Current Infectious Disease Reports

	Current Science Inc. ISSN
	Copyright © 2002 by Current Science Inc.

	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	Geohelminths remain prevalent throughout the developing world where levels of sanitation, persona...



	Introduction
	Introduction
	Intestinal nematodes or roundworms that inhabit the human gastrointestinal tract have been known ...
	The five nematodes accounting for the major burden of disease are
	In the United States and Canada, intestinal nematodes are most likely to be encountered among imm...
	The past decade has witnessed substantial advances in understanding the epidemiology, immunology,...

	Ascaris lumbricoides
	Ascaris lumbricoides
	Ascaris lumbricoides

	Ascaris lumbricoides
	Ascaris lumbricoides

	An estimated 1.3 billion people globally are infected with
	Ascaris lumbricoides
	Ascaris lumbricoides

	The diagnosis of
	Among the intestinal nematodes,
	Mass treatment programs with albendazole have generally targeted school children infected with

	Hookworms:
	Hookworms:
	The hookworms,
	Adult hookworms attach to the mucosa of the small intestine and live on the host’s blood, which f...
	Penetration of the skin by filariform larvae can produce a local vesicular rash with pruritus and...
	The hallmark of chronic hookworm infection is iron deficiency anemia. The development of anemia d...
	Albendazole 400 mg once or mebendazole 100 mg twice a day for 3 days are the treatments of choice...

	Trichuris trichiura
	Trichuris trichiura
	Trichuris trichiura

	The third major geohelminth is
	Trichuris muris
	Trichuris muris

	Trichuris trichiura
	Trichuris trichiura


	Stronglyoides stercoralis
	Stronglyoides stercoralis
	Stronglyoides stercoralis

	Stronglyoides stercoralis
	Stronglyoides stercoralis

	Persons typically become infected when filariform larvae�in the soil enter through exposed skin. ...
	Once established,
	Persons infected with
	High prevalences of
	Hyperinfection can also occur in persons with suppressed immunity due to neoplasms, malnutrition,...
	Patients with hyperinfection due to
	The diagnosis of
	Thiabendazole was widely used for the treatment of

	Mass Treatment Programs for Geohelminths
	Mass Treatment Programs for Geohelminths
	In recent years attempts have been made to quantify the impact of intestinal nematode infections ...
	A great deal of interest followed reports from Kenya that school-aged children demonstrated impro...
	It has been hypothesized that geohelminths and other enteric pathogens might also adversely affec...

	Conclusions
	Conclusions
	The past decade has witnessed dramatic advances in the epidemiology,�immunology, and understandin...

	References and Recommended Reading
	References and Recommended Reading
	Papers of particular interest, published recently, have been highlighted as:
	Papers of particular interest, published recently, have been highlighted as:
	• Of importance
	•• Of major importance

	1. •• Drake
	1. •• Drake
	1. •• Drake
	LJ,
	Bundy
	DA:
	Multiple helminth infections in children: impact and control.
	Parasitol
	2001,
	122(Suppl):
	S73–
	S81.


	This is an excellent review of the impact of intestinal helminths worldwide and the efficacy of c...
	2. Guyatt
	2. Guyatt
	2. Guyatt
	HL:
	Mass chemotherapy and school-based anthelmintic delivery.
	Trans R Soc Trop Med Hyg
	1999,
	93:
	12–
	13.


	3. • de Silva
	3. • de Silva
	3. • de Silva
	NR,
	Chan
	MS,
	Bundy
	DA.
	Morbidity and mortality due to ascariasis: re-estimation and sensitivity analysis of global numbe...
	Trop Med Int Health
	1997,
	2:
	519–
	528.


	It is estimated that 1300 million people globally are infected with
	4. Williams-Blangero
	4. Williams-Blangero
	4. Williams-Blangero
	S,
	Subedi
	J,
	Upadhayay
	RP,
	et al.


	5. McSharry
	5. McSharry
	5. McSharry
	C,
	Xia
	Y,
	Holland
	CV,
	Kennedy
	MW:
	Natural immunity to
	Infect Immun
	1999,
	67:
	484–
	489.


	6. Lynch
	6. Lynch
	6. Lynch
	NR,
	Hagel
	IA,
	Palenque
	ME,
	et al.


	7. Sarinas
	7. Sarinas
	7. Sarinas
	PS,
	Chitkara
	RK:
	Ascariasis and hookworm.
	Semin Respir Infect
	1997,
	12:
	130–
	137.


	8. • De Silva
	8. • De Silva
	8. • De Silva
	NR,
	Guyatt
	HL,
	Bundy
	DA.
	Worm burden in intestinal obstruction caused by
	Trop Med Int Health
	1997,
	2:
	189–
	190.


	This is an excellent review of intestinal obstruction due to
	9. • de Silva
	9. • de Silva
	9. • de Silva
	NR,
	Guyatt
	HL,
	Bundy
	DA:
	Morbidity and mortality due to
	Trans R Soc Trop Med Hyg
	1997,
	91:
	31–
	36.


	In 12 studies of
	10. Mani
	10. Mani
	10. Mani
	S,
	Merchant
	H,
	Sachdev
	R,
	et al.


	11. Misra
	11. Misra
	11. Misra
	SP,
	Dwivedi
	M:
	Clinical features and management of biliary ascariasis in a non-endemic area.
	Postgrad Med J
	2000,
	76:
	29–
	32.


	12. Yamamoto
	12. Yamamoto
	12. Yamamoto
	H,
	Tamada
	K,
	Tomiyama
	T,
	et al.


	13. Misra
	13. Misra
	13. Misra
	SP,
	Dwivedi
	M,
	Misra
	V,
	et al.


	14. Beitia
	14. Beitia
	14. Beitia
	AO,
	Haller
	JO,
	Kantor
	A:
	CT findings in pediatric gastrointestinal ascariasis.
	Comput Med Imaging Graph
	1997,
	21:
	47–
	49.


	15. Nontasut
	15. Nontasut
	15. Nontasut
	P,
	Waitkagul
	J,
	Muennoo
	C,
	et al.


	16. Gonzalez
	16. Gonzalez
	16. Gonzalez
	AH,
	Regalado
	VC,
	van den Ende
	J:
	Non-invasive management of
	Trop Med Intern Health
	2001,
	6:
	146–
	150.


	17. Grencis
	17. Grencis
	17. Grencis
	RK,
	Cooper
	ES:
	Enterobius, trichuris, capillaria, and hookworm including
	Gastroenterol Clin North Am
	1996,
	25:
	579–
	597.


	18. • Stoltzfus
	18. • Stoltzfus
	18. • Stoltzfus
	RJ,
	Dreyfuss
	ML,
	Chwaya
	HM,
	Albonico
	M:
	Hookworm control as a strategy to prevent iron deficiency.
	Nutr Rev
	1997,
	55:
	223–
	232.


	The prevalence of hookworm infection increases with age in children and typically plateaus in lat...
	19. Brown
	19. Brown
	19. Brown
	A,
	Girod
	N,
	Billett
	EE,
	Pritchard
	DI:
	Necator americanus
	Necator americanus

	Am J Trop Med Hyg
	1999,
	60:
	840–
	847.


	20. Furmidge
	20. Furmidge
	20. Furmidge
	BA,
	Horn
	LA,
	Pritchard
	DI:
	The anti-haemostatic strategies of the human hookworm
	Parasitology
	1996,
	112:
	81–
	87.


	21. Chadderdon
	21. Chadderdon
	21. Chadderdon
	RC,
	Cappello
	M:
	The hookworm platelet inhibitor: functional blockade of integrins GPIIb/IIIa (alphaIIbbeta3) and ...
	J Infect Dis
	1999,
	179:
	1235–
	1241.


	22. Cappello
	22. Cappello
	22. Cappello
	M,
	Hawdon
	JM,
	Jones
	BF,
	et al.


	23. De Clercq
	23. De Clercq
	23. De Clercq
	D,
	Sacko
	M,
	Behnke
	J,
	et al.


	24. Marti
	24. Marti
	24. Marti
	H,
	Haji
	HJ,
	Savioli
	L,
	et al.


	25. Stephenson
	25. Stephenson
	25. Stephenson
	LS,
	Holland
	CV,
	Cooper
	ES:
	The public health significance of
	Parasitology
	2000,
	121(Suppl):
	S73–
	S95.


	26. Faulkner
	26. Faulkner
	26. Faulkner
	H,
	Renauld
	J,
	Van Snick
	JC,
	Grencis
	RK:
	Interleukin-9 enhances resistance to the intestinal nematode
	Infect Immun
	1998,
	66:
	3832–
	3840.


	27. Bancroft
	27. Bancroft
	27. Bancroft
	AJ,
	Else
	KJ,
	Sypek
	JP,
	Grencis
	RK:
	Interleukin-12 promotes a chronic intestinal nematode infection.
	Eur J Immunol
	1997,
	27:
	866–
	870.


	28. Grencis
	28. Grencis
	28. Grencis
	RK,
	Entwistle
	GM:
	Production of an interferon- gamma homologue by an intestinal nematode: functionally significant ...
	Parasitolgy
	1997,
	115(Suppl):
	S101–
	S106.


	29. Bancroft
	29. Bancroft
	29. Bancroft
	AJ,
	Artis
	D,
	Donaldson
	DD,
	Sypek
	JP,
	Grencis
	RK:
	Gastrointestinal nematode expulsion in IL-4 knockout mice is IL-13 dependent.
	Eur J Immunol
	2000,
	30:
	2083–
	2091.


	30. Mahmoud
	30. Mahmoud
	30. Mahmoud
	AA:
	Strongyloidiasis.
	Clin Infect Dis
	1996,
	23:
	949–
	952.


	31. Kitchen
	31. Kitchen
	31. Kitchen
	LW,
	Tu
	KK,
	Kerns
	FT:
	Strongyloides-
	Strongyloides-

	Clin Infect Dis
	2000,
	31:
	E5–
	E6.


	32. Wehner
	32. Wehner
	32. Wehner
	JH,
	Kirsch
	CM:
	Pulmonary manifestations of strongyloidiasis.
	Sem Respir Infect
	1997,
	12:
	122–
	129.


	33. Gotuzzo
	33. Gotuzzo
	33. Gotuzzo
	E,
	Terashima
	A,
	Alvaez
	H,
	et al.


	34. Neva
	34. Neva
	34. Neva
	FA,
	Filho
	JO,
	Gam
	AA,
	et al.


	35. Plumelle
	35. Plumelle
	35. Plumelle
	Y,
	Gonin
	C,
	Edouard
	A,
	et al.


	36. Rotman
	36. Rotman
	36. Rotman
	HL,
	Schnyder-Candrian
	S,
	Scott
	P,
	et al.


	37. Palau
	37. Palau
	37. Palau
	LA,
	Pankey
	GA:
	Strongyloides hyperinfection in a renal transplant recipient receiving cyclosporine: possible
	Am J Trop Med Hyg
	1997,
	57:
	413–
	415.


	38. Guerin
	38. Guerin
	38. Guerin
	JM,
	Leibinger
	F,
	Mofredji
	A:
	Stronglyoides stercoralis
	Stronglyoides stercoralis

	Clin Infect Dis
	1997,
	24:
	95.


	39. Cahill
	39. Cahill
	39. Cahill
	KM,
	Shevchuk
	M:
	Fulminant, systemic strongyloidiasis in AIDS.
	Ann Trop Med Parasitol
	1996,
	90:
	313–
	318.


	40. Sarangarajan
	40. Sarangarajan
	40. Sarangarajan
	R,
	Belmonte
	AH,
	Tchertkoff
	V:
	Strongyloides stercoralis
	Strongyloides stercoralis

	AIDS
	1997,
	11:
	394–
	396.


	41. Sarangarajan
	41. Sarangarajan
	41. Sarangarajan
	R,
	Ranganathan
	A,
	Belmonte
	AH,
	Tchertkoff
	V:
	Strongyloides stercoralis
	Strongyloides stercoralis

	AIDS Patient Care STD
	1997,
	11:
	407–
	414.


	42. Husni
	42. Husni
	42. Husni
	RN,
	Gordon
	SM,
	Longworth
	DL,
	Adal
	KA:
	Disseminated
	Clin Infect Dis
	1996,
	23:
	663.


	43. Upadhyay
	43. Upadhyay
	43. Upadhyay
	D,
	Corbridge
	T,
	Jain
	M,
	Shah
	R:
	Pulmonary hyper�infection syndrome with
	Am J Med
	2001,
	111:
	167–
	169.


	44. Weight
	44. Weight
	44. Weight
	SC,
	Barrie
	WW:
	Colonic
	J R Coll Surg Edinburgh
	1997,
	42:
	202–
	203.


	45. Gutierrez
	45. Gutierrez
	45. Gutierrez
	Y,
	Bhatia
	P,
	Garbadawala
	ST,
	et al.


	46. Beeching
	46. Beeching
	46. Beeching
	NJ,
	Gill
	GV:
	Sub-acute intestinal obstruction by
	J Infect
	1996,
	32:
	170.


	47. Friedenberg
	47. Friedenberg
	47. Friedenberg
	F,
	Wongpraparut
	N,
	Fischer
	RA,
	et al.


	48. Iwamoto
	48. Iwamoto
	48. Iwamoto
	T,
	Kitoh
	M,
	Kayashima
	K,
	Ono
	T:
	Larva currens: the usefulness of the agar plate method.
	Dermatology
	1998,
	196:
	343–
	345.


	49. Jongwutiwes
	49. Jongwutiwes
	49. Jongwutiwes
	S,
	Charoenkorn
	M,
	Sitthichareoncahai
	P,
	et al.


	50. Adenusi
	50. Adenusi
	50. Adenusi
	AA:
	Cure by ivermectin of a chronic, persistent, intestinal strongyloidiasis.
	Acta Trop
	1997,
	66:
	163–
	167.


	51. Ashraf
	51. Ashraf
	51. Ashraf
	M,
	Gue
	CL,
	Baddour
	LM:
	Case report: strongyloidiasis refractory to treatment with ivermectin.
	Am J Med Sci
	1996,
	311:
	178–
	179.


	52. Albonico
	52. Albonico
	52. Albonico
	M,
	Stoltzfus
	RL,
	Savioli
	L,
	et al.


	53. Stephenson
	53. Stephenson
	53. Stephenson
	LS,
	Latham
	MC,
	Adams
	EJ,
	et al.


	54. Stephenson
	54. Stephenson
	54. Stephenson
	LS,
	Latham
	MC,
	Adams
	EJ,
	et al.


	55. Stoltzfus
	55. Stoltzfus
	55. Stoltzfus
	RJ,
	Albonico
	M,
	Tielsch
	JM,
	et al.


	56. Watkins
	56. Watkins
	56. Watkins
	WE,
	Pollitt
	E:
	Effect of removing
	Pediatrics
	1996,
	97:
	871–
	876.





