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Parasitic Nematode

Feature
Global prevalence in
humans (millions)
Endemic areas
Infective stage
Route of infection
Gastrointestinal location of worms
Adult worm size
Pulmonary passage of
larvae
Incubation perioda
(days)
Longevity

Ascaris lumbricoides
(Roundworm)
807

Necator americanus,
Ancylostoma duodenale
(Hookworm)
576

Worldwide
Egg
Oral

Hot, humid regions
Filariform larva
Percutaneous

Jejunal lumen

Jejunal mucosa

Hot, humid regions
Filariform larva
Percutaneous or
autoinfection
Small-bowel mucosa

15–40 cm
Yes

7–12 mm
Yes

60–75
1 year

Fecundity (eggs/day/
worm)

240,000

Principal symptoms

Rarely, biliary obstruction or, in heavy infections, gastrointestinal
obstruction
Eggs in stool

Diagnostic stage

PART 8

Treatment

Mebendazole
Albendazole
Ivermectin

Trichuris trichiura
(Whipworm)
604

Enterobius
vermicularis
(Pinworm)
209

Worldwide
Egg
Oral

Worldwide
Egg
Oral
Cecum, appendix

2 mm
Yes

Cecum, colonic
mucosa
30–50 mm
No

40–100

17–28

70–90

35–45

N. americanus: 2–5 years
A. duodenale: 6–8 years
N. americanus: 4000–10,000
A. duodenale: 10,000–25,000
Iron-deficiency anemia in
heavy infection

Decades (owing to
autoinfection)

5 years

2 months

5000–10,000

3000–7000

2000

Gastrointestinal symptoms;
malabsorption or sepsis in
hyperinfection

Perianal pruritus

Eggs in fresh stool, larvae in
old stool

Larvae in stool or duodenal
aspirate; sputum in hyperinfection
Ivermectin
Albendazole

Gastrointestinal
symptoms or anemia in heavy
infection
Eggs in stool

Mebendazole
Albendazole

Strongyloides stercoralis
100

Mebendazole
Albendazole
Ivermectin

8–13 mm (female)
No

Eggs from perianal
skin on cellulose
acetate tape
Mebendazole
Albendazole

Time from infection to egg production by mature female worm.

a

Infectious Diseases

once) is effective. These medications are contraindicated in pregnancy, however. Mild diarrhea and abdominal pain are uncommon
side effects of these agents. Partial intestinal obstruction should
be managed with nasogastric suction, IV fluid administration, and
instillation of piperazine through the nasogastric tube, but complete obstruction and its severe complications require immediate
surgical intervention.

HOOKWORM
Two hookworm species (A. duodenale and N. americanus) are responsible for human infections. Most infected individuals are asymptomatic. Hookworm disease develops from a combination of factors—a
heavy worm burden, a prolonged duration of infection, and an inadequate iron intake—and results in iron-deficiency anemia and, on
occasion, hypoproteinemia.
Life Cycle Adult hookworms, which are ~1 cm long, use buccal teeth
(Ancylostoma) or cutting plates (Necator) to attach to the smallbowel mucosa and suck blood (0.2 mL/d per Ancylostoma adult) and
interstitial fluid. The adult hookworms produce thousands of eggs
daily. The eggs are deposited with feces in soil, where rhabditiform larvae hatch and develop over a 1-week period into infectious filariform
larvae. Infective larvae penetrate the skin and reach the lungs by way
of the bloodstream. There they invade alveoli and ascend the airways
before being swallowed and reaching the small intestine. The prepatent
period from skin invasion to appearance of eggs in the feces is ~6–8
weeks, but it may be longer with A. duodenale. Larvae of A. duodenale,
if swallowed, can survive and develop directly in the intestinal mucosa.
Adult hookworms may survive over a decade but usually live ~6–8
years for A. duodenale and 2–5 years for N. americanus.
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Epidemiology A. duodenale is prevalent in southern Europe,
North Africa, and northern Asia, and N. americanus is the
predominant species in the Western Hemisphere and equatorial Africa. The two species overlap in many tropical regions, particularly Southeast Asia. In most areas, older children have the highest
incidence and greatest intensity of hookworm infection. In rural areas
where fields are fertilized with human feces, older working adults also
may be heavily infected.
Clinical Features Most hookworm infections are asymptomatic.
Infective larvae may provoke pruritic maculopapular dermatitis
(“ground itch”) at the site of skin penetration as well as serpiginous
tracks of subcutaneous migration (similar to those of cutaneous larva
migrans; Chap. 256) in previously sensitized hosts. Larvae migrating
through the lungs occasionally cause mild transient pneumonitis, but
this condition develops less frequently in hookworm infection than in
ascariasis. In the early intestinal phase, infected persons may develop
epigastric pain (often with postprandial accentuation), inflammatory
diarrhea, or other abdominal symptoms accompanied by eosinophilia. The major consequence of chronic hookworm infection is
iron deficiency. Symptoms are minimal if iron intake is adequate, but
marginally nourished individuals develop symptoms of progressive
iron-deficiency anemia and hypoproteinemia, including weakness and
shortness of breath.
Laboratory Findings The diagnosis is established by the finding of
characteristic 40- by 60-μm oval hookworm eggs in the feces. Stoolconcentration procedures may be required to detect light infections.
Eggs of the two species are indistinguishable by light microscopy. In
a stool sample that is not fresh, the eggs may have hatched to release
rhabditiform larvae, which need to be differentiated from those of S.
stercoralis. Hypochromic microcytic anemia, occasionally with eosinophilia or hypoalbuminemia, is characteristic of hookworm disease.
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