surgical resection of a granuloma in which the worm is embedded.
Anisakid eggs are not found in the stool, since the larvae do not mature
in humans. Serologic tests have been developed but are not widely
available.
Anisakid larvae in saltwater fish are killed by cooking to 60°C, freezing at -20°C for 3 days, or commercial blast freezing, but usually not
by salting, marinating, or cold smoking. No medical treatment is available; surgical or endoscopic removal should be undertaken.
CAPILLARIASIS
Intestinal capillariasis is caused by ingestion of raw fish
infected with Capillaria philippinensis. Subsequent autoinfection can lead to a severe wasting syndrome. The disease occurs
in the Philippines and Thailand and, on occasion, elsewhere in Asia.
The natural cycle of C. philippinensis involves fish from fresh and
brackish water. When humans eat infected raw fish, the larvae mature
in the intestine into adult worms, which produce invasive larvae that
cause intestinal inflammation and villus loss. Capillariasis has an
insidious onset with nonspecific abdominal pain and watery diarrhea.
If untreated, progressive autoinfection can lead to protein-losing enteropathy, severe malabsorption, and ultimately death from cachexia,
cardiac failure, or superinfection. The diagnosis is established by identification of the characteristic peanut-shaped (20- by 40-μm) eggs on
stool examination. Severely ill patients require hospitalization and
supportive therapy in addition to prolonged anthelmintic treatment
with albendazole (200 mg twice daily for 10 days; Chap. 246e).

Thomas B. Nutman, Peter F. Weller

Filarial worms are nematodes that dwell in the subcutaneous tissues and
the lymphatics. Eight filarial species infect humans (Table 258-1); of
these, four—Wuchereria bancrofti, Brugia malayi, Onchocerca volvulus, and Loa loa—are responsible for most serious filarial infections.
Filarial parasites, which infect an estimated 170 million persons worldwide, are transmitted by specific species of mosquitoes or other arthropods and have a complex life cycle, including infective larval stages
carried by insects and adult worms that reside in either lymphatic or
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Lymphatic filariasis is caused by W. bancrofti, B. malayi, or B. timori.
The threadlike adult parasites reside in lymphatic channels or lymph
nodes, where they may remain viable for more than two decades.
EPIDEMIOLOGY
W. bancrofti, the most widely distributed filarial parasite of
humans, affects an estimated 110 million people and is found
throughout the tropics and subtropics, including Asia and the
Pacific Islands, Africa, areas of South America, and the Caribbean
basin. Humans are the only definitive host for the parasite. Generally,
the subperiodic form is found only in the Pacific Islands; elsewhere,
W. bancrofti is nocturnally periodic. Nocturnally periodic forms of
microfilariae are scarce in peripheral blood by day and increase at
night, whereas subperiodic forms are present in peripheral blood at all
times and reach maximal levels in the afternoon. Natural vectors for
W. bancrofti are Culex fatigans mosquitoes in urban settings and
Anopheles or Aedes mosquitoes in rural areas.
Brugian filariasis due to B. malayi occurs primarily in eastern India,
Indonesia, Malaysia, and the Philippines. B. malayi also has two forms
distinguished by the periodicity of microfilaremia. The more common
nocturnal form is transmitted in areas of coastal rice fields, while the
subperiodic form is found in forests. B. malayi naturally infects cats as
well as humans. The distribution of B. timori is limited to the islands
of southeastern Indonesia.
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ABDOMINAL ANGIOSTRONGYLIASIS
Abdominal angiostrongyliasis is found in Latin America and Africa.
The zoonotic parasite Angiostrongylus costaricensis causes eosinophilic
ileocolitis after the ingestion of contaminated vegetation. A. costaricensis normally parasitizes the cotton rat and other rodents, with slugs and
snails serving as intermediate hosts. Humans become infected by accidentally ingesting infective larvae in mollusk slime deposited on fruits
and vegetables; children are at highest risk. The larvae penetrate the gut
wall and migrate to the mesenteric artery, where they develop into adult
worms. Eggs deposited in the gut wall provoke an intense eosinophilic
granulomatous reaction, and adult worms may cause mesenteric arteritis, thrombosis, or frank bowel infarction. Symptoms may mimic
those of appendicitis, including abdominal pain and tenderness, fever,
vomiting, and a palpable mass in the right iliac fossa. Leukocytosis
and eosinophilia are prominent. CT with contrast medium typically
shows inflamed bowel, often with concomitant obstruction, but a
definitive diagnosis is usually made surgically with partial bowel resection. Pathologic study reveals a thickened bowel wall with eosinophilic
granulomas surrounding the Angiostrongylus eggs. In nonsurgical
cases, the diagnosis rests solely on clinical grounds because larvae and
eggs cannot be detected in the stool. Medical therapy for abdominal
angiostrongyliasis is of uncertain efficacy. Careful observation and
surgical resection for severe symptoms are the mainstays of treatment.

subcutaneous tissues of humans. The offspring of adults are microfi- 1417
lariae, which, depending on their species, are 200–250 μm long and 5–7
μm wide, may or may not be enveloped in a loose sheath, and either
circulate in the blood or migrate through the skin (Table 258-1). To
complete the life cycle, microfilariae are ingested by the arthropod vector and develop over 1–2 weeks into new infective larvae. Adult worms
live for many years, whereas microfilariae survive for 3–36 months.
The bacterial endosymbiont Wolbachia has been found intracellularly
in all stages of Brugia, Wuchereria, Mansonella, and Onchocerca species and has become a target for antifilarial chemotherapy.
Usually, infection is established only with repeated, prolonged
exposures to infective larvae. Since the clinical manifestations of filarial
diseases develop relatively slowly, these infections should be considered to induce chronic infections with possible long-term debilitating
effects. In terms of the nature, severity, and timing of clinical manifestations, patients with filarial infections who are native to endemic areas
and have lifelong exposure may differ significantly from those who are
travelers or who have recently moved to these areas. Characteristically,
filarial disease is more acute and intense in newly exposed individuals
than in natives of endemic areas.

PATHOLOGY
The principal pathologic changes result from inflammatory damage
to the lymphatics, which is typically caused by adult worms and not
by microfilariae. Adult worms live in afferent lymphatics or sinuses of
lymph nodes and cause lymphatic dilation and thickening of the vessel
walls. The infiltration of plasma cells, eosinophils, and macrophages in
and around the infected vessels, along with endothelial and connective
tissue proliferation, leads to tortuosity of the lymphatics and damaged
or incompetent lymph valves. Lymphedema and chronic stasis changes
with hard or brawny edema develop in the overlying skin. These
consequences of filarial infection are due both to the direct effects of
the worms and to the host’s inflammatory response to the parasite.
Inflammatory responses are believed to cause the granulomatous and
proliferative processes that precede total lymphatic obstruction. It is
thought that the lymphatic vessel remains patent as long as the worm
remains viable and that the death of the worm leads to enhanced
granulomatous reactions and fibrosis. Lymphatic obstruction results,
and, despite collateralization, lymphatic function is compromised.
CLINICAL FEATURES
The most common presentations of the lymphatic filariases are asymptomatic (or subclinical) microfilaremia, hydrocele (Fig. 258-1), acute
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