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INTRODUCTION

Anisakiasis is a human disease caused by the accidental
ingestion of larval nematodes belonging to the family Anisak-
idae. Humans acquire the infection by eating raw seafood
dishes such as sushi, sashimi, ceviche, and lomi-lomi or
undercooked fish and squid dishes.
There are three types of anisakid larvae that have been

implicated in human disease: Anisakis (sensu lato), Pseudo-
terranova (= Phocanema) (sensu lato), and Contracaectim
(sensu lato) species. Because the number of case reports
attributed to the latter group is rare (15, 29, 48), we will focus
our review on Anisakis and Pseudoterranova species only.
There are two forms of anisakiasis: noninvasive (or lumi-

nal) and invasive. The noninvasive form is generally asymp-
tomatic and involves no tissue penetration by the worm.
This form gives rise to the "tingling throat syndrome,"
which occurs when worms migrate back up the esophagus
into the oropharynx. These worms are often coughed up or
felt wiggling around in the mouth between the gums and
cheek 1 day to 2 weeks after ingestion of the infected meal
(11, 32). Generally, larvae belonging to the genus Pseudo-
terranova are noninvasive, but penetration into tissues has
been reported (28, 35, 38).

Invasive anisakiasis occurs when larvae attach to, embed
in, or penetrate host tissues. Anisakis spp. are most often
implicated in this type of anisakiasis. They have been found
in the mucosa or submucosa of the stomach and intestine
and have migrated to other tissues such as the omentum,
pancreas, liver, and probably the lung (34, 58, 77).

LIFE CYCLE

The life cycles of these anisakid nematodes have not been
completely described, but ecological surveys and laboratory
experiments (48, 61, 62, 75) suggest that they involve three
hosts (Fig. 1). Adult worms are found in the stomachs of
marine mammals such as dolphins, sea lions, and whales.
Female worms lay eggs which exit the body in the feces of
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the marine mammal and embryonate in the seawater (Fig.
la). Second-stage larvae that hatch out (Fig. lb) are eaten by
small crustaceans such as krill (Fig. 1c). This infected first
intermediate host is then eaten by marine fishes and squid
(Fig. id), in which the third-stage larvae encyst. The life
cycle is completed when the marine mammals eat these
infected fish or squid (Fig. lf). The crustacean host theoret-
ically could infect the marine mammals, in which case fish
and squid would act only as transport hosts, but this mode of
infection has not been documented.
Human infection is accidental (Fig. le), and humans are

not suitable hosts for these parasites. No multiplication
occurs in humans, and no reproductively mature anisakid
nematodes have been reported from human infections (59).

CLINICAL PRESENTATION

Symptoms of acute gastric anisakiasis include sudden
epigastric pain, nausea, vomiting, diarrhea, and urticaria and
can occur 1 to 12 h after the infected meal (12, 48, 63), with
most occurring within 6 h (3). Many acute cases are misdi-
agnosed and the infection becomes chronic, with patients
having a history of intermittent abdominal pain, nausea, and
vomiting lasting from weeks to several years (23, 48). The
time to onset of clinical symptoms with intestinal anisakiasis
in most cases is within 48 h (3), and the duration of
abdominal pain, nausea, and vomiting is about 1 to 5 days
(23). Patients also exhibit a slight elevation of temperature
and moderate leukocytosis (10,000 to 15,000 leukocytes per
mm3) (27). Eosinophil counts vary widely (4 to 41%) in
reported cases. Abdominal tenderness is diffuse, and pain on
pressure is not confined to specific areas of the abdomen. In
one survey, occult blood was present in gastric juices and
stools in 70% of the gastrointestinal cases (77).

DIAGNOSIS AND TREATMENT

Because symptoms of anisakiasis are vague, the disease is
often misdiagnosed. In a clinicopathologic study of 92 cases
of anisakiasis in Japan, over 60% of the cases were diag-
nosed preoperatively as appendicitis, acute abdomen, gas-
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FIG. 1. Life cycle of Anisakis sp. Eggs (a) from adult Anisakis
species exit the body with the feces of marine mammals. A larva
hatches out (b) and is eaten by microcrustaceans such as krill (c).
Squid and fish (d) become infected by eating the infected krill.
Humans are accidental hosts and become infected by ingesting (e)
raw or improperly cooked seafood dishes. The life cycle is com-
pleted when marine mammals eat squid and fish infected with
Anisakis larvae.

tric tumor or cancer, ileitis, cholecystitis, diverticulitis,
tuberculous peritonitis, and cancer of the pancreas (77).
Another retrospective study in Japan found that anisakiasis
was also often misdiagnosed as Crohn's disease (23).

In another study in which gastric anisakiasis and intestinal
anisakiasis were separately assessed, gastric anisakiasis was
preoperatively misdiagnosed as stomach ulcer, stomach
cancer, stomach polyps, and stomach tumors in 86% (132 of
153) of the cases; intestinal anisakiasis was misdiagnosed as
acute appendicitis and acute regional ileitis in 52% (34 of 66)
of the cases (48).

Endoscopy

In 1968, Namiki and co-workers first successfully diag-
nosed and treated gastric anisakiasis in Japan, using an

endoscope (cited in reference 1). The fiberoptic endoscope
with biopsy forceps continues to be the most important tool
for the diagnosis and treatment of gastric anisakiasis (1, 49,
63). It has even been used successfully to treat two cases of
duodenal anisakiasis (9, 33). Endoscopy allows the physician
to remove the larva with the biopsy forceps and identify the
worm morphologically. Early removal of the worm is be-
lieved to prevent the formation of eosinophilic granulomas
caused by the allergic reaction to the degenerating worm in
chronic infections.

Radiologic Films

In a study of 178 patients by Sugimachi et al. (63), worms
were found in all regions of the mucosal surface of the
stomach. In the mucosa, there was local or generalized
edema with or without erosions. Pseudotumor formation
was observed in 36% (64 of 178) of the patients, and swelling

of gastric folds was present in 35.4% (63 of 178) of the cases.
After removal of the worm, pain disappeared within a few
hours. Although ulcer formation was rare, antacids were
nevertheless recommended.
Upper gastrointestinal tract X rays have also been helpful

in the diagnosis of this disease. Thickened, narrowed, and
obstructed areas caused by the host response to the worm
can be seen (1, 2, 23, 35, 53, 55, 63, 72). A filling defect seen
in the ascending colon consistent with the appearance of an
Anisakis larva aided in the confirmation of one case (24).
Threadlike gastric filling defects approximately 30 mm in
length were observed in 47.7% (62 of 130) of gastric anisaki-
asis cases in a study by Sugimachi et al. (63). It is important
to note, however, that all 178 patients in this particular study
had their worms removed by endoscopy and, hence, were
definitively diagnosed.
While surgery is often necessary for resection of the

lesions, two patients with radiographic evidence of small-
bowel obstruction due to anisakiasis did not undergo surgery
(72). Follow-up examination with barium revealed no abnor-
malities after 4 days in one case and after 3 weeks in the
other. Verhamme and Ramboer (72) advocate conservative
treatment in the absence of dramatic abdominal signs even
though the patient history may suggest the diagnosis of
anisakiasis. They further recommend the use of corticoste-
roids during treatment to decrease the inflammatory re-
sponse to the worm. However, no large controlled studies of
steroid use in anisakiasis have been performed. No anthel-
minthic drugs are currently considered useful in anisakiasis.

Immunodiagnostic Assays

Various immunologic assays have been used to diagnose
anisakiasis, including the intradermal skin test (3, 48), com-
plement fixation test (48), immunofluorescent-antibody test
(48, 59, 63, 64), immunodiffusion test (34, 42), immunoelec-
trophoretic assays (19, 34), enzyme-linked immunosorbent
assay (59), and radio-allergosorbent test (RAST) (12, 19, 59).
There is no routine clinical laboratory testing for anisakiasis,
and practical applications using any one of these assays are
of limited value, because sera from known anisakiasis pa-
tients cross-react with antigens from closely related nema-
tode species (e.g., Ascaris and Toxocara species) or because
normal human sera give false-positive results with Anisakis
antigens.
Of all serodiagnostic assays in use, the RAST may be the

most sensitive and specific. The RAST is a radioimmuno-
logic assay that indirectly measures the amount of immuno-
globulin E (IgE) that binds to parasite antigens which have
been coupled to cyanogen bromide-activated beads. Radio-
actively labeled anti-IgE which has reacted with the antigen-
antibody complex is then quantified by a scintillation
counter. Sera from four confirmed anisakiasis patients were
RAST positive against Anisakis antigen and RAST negative
against Toxocara antigens in a study by Desowitz et al. (19).
IgE titers to Anisakis antigens were shown to be elevated for
up to 2 (12) and 6 (59) months postinfection when assayed by
the RAST. Positive results from the RAST must be evalu-
ated with some caution, however, because these studies also
showed that known Ascaris-positive and known Toxocara-
positive sera cross-reacted with Anisakis antigens. Hence,
this assay is not useful for patients with previous Ascaris or
Toxocara infections.
Use of monoclonal antibodies specific to Anisakis antigens

may alleviate this problem. Monoclonal antibodies have
been prepared to larval Anisakis antigens that do not cross-
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FIG. 2. Scanning electron micrograph of a third-stage larva of A.
simplex. The anterior end of the worm has the excretory pore (EP),
boring tooth (B3T), mouth (M), ventrolateral lips (VL), and dorso-
lateral lips (DL). Note that although the outline of developing lips is
apparent under the cuticle, the lips are not present on this larval
stage.

react with Ascaris, Toxocara, Trichinella, or EchinococcUs
spp. and are being developed for use in a serodiagnostic
assay (65, 66). In addition, we are currently cloning larval
Anisakis antigens from a complementary deoxyribonucleic
acid expression library for use as serodiagnostic reagents for
anisakiasis.

Worm Morphology

If intact worms are expectorated, passed in stools, or

removed from tissues, they can be identified by placing the
worm in 70% ethanol and clearing it in liquid phenol (100%)
until the worm is translucent. Clearing takes a few hours,
and worms may be left immersed in the phenol overnight. It
may be necessary to roll the worm around on the microscope
slide to see the distinguishing features. The following is a

description of some key features useful for identifying an-

isakid larvae. For more details on the morphometrics of the
worms, see references 10, 32, 48, and 61. Drawings or

photographs have also been published in the following
references: Anisakis spp., references 18, 48, 57, and 71;
Pseudoterranova spp., references 7 and 38; and both, in

addition to other anisakid nematodes, references 44, 47, and
56.

Figure 2 is a scanning electron micrograph of a third-stage
anisakid larva. The following are gross characteristics: (i)
cuticle has fine striations; (ii) three bilobed lips are present,
one dorsal and two ventrolateral; (iii) a boring tooth is
present (projects anteroventrally, ventral to the mouth); (iv)
an excretory pore lies between the ventrolateral lips; (v)

C-

V
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FIG. 3. Diagram of the morphology of (A) Anisakis sp. (sensu

lato) and (B) Pseudoterranov'a sp. (sensu lato). Anterior portion of
the worms showing the boring tooth (BT), esophagus (E), ventric-
ulus (V), cecum (C), and intestine (I).

Anisakis sp. (sensu lato) has a simple digestive tube, esoph-
agus-ventriculus-intestine (Fig. 3a), and Pseudoterranova
sp. (sensu lato) has esophagus-ventriculus-intestine with
anteriorly directed cecum (Fig. 3b); (vi) Anisakis total length
is 10 to 29 mm and its width is 0.44 to 0.54 mm; Pseudoter-
ranov'a total length is 25 to 50 mm and its width is 0.3 to 1.2
mm.

Identification of Anisakis sp. in Histologic Section

Anisakis sp. may be identified in histologic sections by the
following characteristics: (i) distinctive Y-shaped lateral
chords; (ii) no lateral alae (winglike projections) extending
from cuticle as with larval Ascaris sp.; and (iii) 60 to 90
muscle cells per quadrant; 60 to 80 cells in the intestine.
Oshima (48) noted that Anisakis sp. can be distinguished

from Pseudoterranov'a sp. by the following: Pseudoterra-
nova sp. has butterfly-shaped lateral chords, more than 100
intestinal cells, and an intestinal cecum.

Additional photographs or drawings of histologic sections
of Anisakis sp. are found in references 8, 21, 23, 48, 58, 59,
72, and 76. Other histologic sections of anisakid nematodes
have been published (13, 16, 51).

HISTOPATHOLOGY

As a result of studies in Japan, the histopathologic lesions
have been classified into five types (48).

(i) The early primary infections are characterized by
infiltration and proliferation of neutrophils with few eosino-
phils and foreign body giant cells. Little edema, fibrinous
exudation, hemorrhage, or vascular damage is present.

CLIN. MICROBIOL. REV.
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FIG. 4. Numerous Pseudoterranoi'a larvae in a fillet of rockfish (photo by M. Moser. University of California. Santa Cruz). Note that
Anisakis larvae are much more difficult to see with the unaided eye because they are smaller than Pseuidoterraiova larvae and are lighter in color.

(ii) Within the first week of an acute intestinal infection,
there may be edematous thickening of the submucosa with
massive eosinophilic infiltration along with lymphocytes,
monocytes, neutrophils, and plasma cells.

(iii) In cases of chronic gastric and intestinal anisakiasis,
there may be abscesses characterized by necrosis and hem-
orrhage with eosinophilic infiltration.

(iv) Alternatively, in gastric anisakiasis of >6 months in
duration, eosinophilic infiltration of the granuloma may be
less extensive and lymphocytes may predominate. Foreign
body giant cells may surround the degenerated larva.

(v) In advanced disease (6 months to years), the abscess or

granulomatous inflammation may be replaced by granulation
tissue with some eosinophilic infiltration. Only remnants of
the degenerated larva (or no worm at all) are present in the
center of the lesion.

IMMUNOLOGIC RESPONSE TO ANISAKIS INFECTION

Research over the past 8 years has clearly defined both a

humoral and a cell-mediated response to Anisakis infections
in humans. Histopathologic studies of Anisakis infections in
humans invariably show both eosinophils and macrophages
responding to the migrating helminth larvae. The importance
of these cells in the immune response to Anisakis larvae is

not unexpected, since they have been shown to play a

similar role in the immune response to other helminthic
parasites (4, 73).
A humoral immune response has also been identified, and

attention has recently been turned to the presence of potent

immunogens in the excretory/secretory (ES) products of
third-stage L3 larvae. Raybourne et al. (54) showed that 66 to
95-kilodalton proteins were recognized by human antibodies
to ES products. Serum IgE is elevated in Anisakis infections,
and both IgE and IgG antibodies can be useful in serodiag-
nosis of anisakiasis by the RAST, using L, Anisakis simplex
somatic antigens. Bier and Raybourne (6) also demonstrated
that the "cap" of protein seen at the anterior end of Anisakis
larvae in tissue and in vitro in the presence of serum is
composed of ES antigens and host antibody.
Two interesting products of the worm may serve to

modulate the immune response. Tanaka and Torisu (67)
reported on a factor released from Anisakis larvae that was
chemotactic for eosinophils. More recently, Raybourne et
al. (54) reported that ES products of Anisakis larvae inhib-
ited concanavalin A-induced lymphocyte blastogenesis. Fur-
ther fractionation of the complex mixture of proteins found
in larval ES may yield important new insights into the
host-parasite interaction in anisakiasis as well as potential
serodiagnostic reagents.

EPIDEMIOLOGY

One purpose of this review is to alert clinicians, public
health workers, microbiologists, epidemiologists, and para-
sitologists to the growing concern over the increase of this
parasitic disease.

In Canada during the 1940s and 1950s, much attention was
paid to Pseudo'terranova sp., the "codworm," so named
because of the presence of larvae in the flesh of cod (43-45).
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TABLE 1. Anisakiasis: North America and Hawaii

No. of cases (state)
Location Reference(s)

Anisakis sp. Psedl(lo'rrallonv sp. Anisakids"

Tingling throat 2 (Calif.) Personal observation, 1988
2 (Wash.) Deardorff et al., 1987 (11)

6 2 Desowitz, 1986 (18)
1 (Calif.) 3 (Calif.) Kliks, 1983 (32)"

Stomach 1 (Calif.) Personal observation, 1988
1 (Hawaii) Deardorff et al., 1986 (12)
1 (Hawaii) Kliks. 1986 (33)

1 (Va.) Hsiu et al., 1986 (26)

Intestine 1 (Calif.) Sakanari et al., 1988 (59)
1 (Pa.) Kwee & Sautter, 1987 (35)

1 (Hawaii) Kliks. 1986 (33)
1 (Pa.) Appleby et al., 1982 (2); Valdiserri, 1981 (69)

(same case)
1 (Mass.) Pinkus et al., 1975 (53)
1 (Mass.) Richman & Lewicki, 1973 (55)

Other
Omentum 1 (Calif.) Personal observation, 1987

1 (Ill.) Rushovich et al., 1983 (58)
Lung 1 (Calif.) Kobayashi et al., 1985 (34)
Abdominal cavity 1 (Mass.) Little & MacPhail, 1972 (38)

"Genus not specified.
" Report includes five incompletely documented cases of anisakiasis.

These worms are easily seen with the naked eye and are PUBLIC HEALTH IMPORTANCE
brown or reddish-brown in color (Fig. 4). Because they are
not aesthetically pleasing to the public, there was great Anisakid nematodes have a worldwide distribution and
concern that the marketability of cod would be lowered (40, have been reported from all major oceans and seas. Anisaki-
46). asis occurs in areas where the dietary habits include eating
Case studies of individuals who became infected by An- raw or improperly cooked infected seafoods and where the

isakis after eating "green herring" and descriptions of the parasite is geographically distributed (for reviews on the life
pathogenicity of this "herring worm" were first reported in history, see references 48 and 62).
The Netherlands in the early 1960s (71). The disease was Anisakiasis has been reported from The Netherlands (70),
soon recognized as a public health problem in Japan (23, 48, Germany (39, 41), Switzerland (31), France (25, 42), United
77). Kingdom (37, 74), Belgium (72), New Zealand (52), Chile

In the early 1970s, the United States Food and Drug (60, 68) and Japan (48). In Japan, where raw fish and squid
Administration decided to study the potential health risk of are consumed as an integral part of the Japanese diet, the
anisakids in seafoods (7, 14, 29, 30, 40, 46). Throughout the number of cases is over 1,000/year (50) (Table 2).
1970s, documented cases of anisakiasis appeared in North In North America and Hawaii, there have been over 50
America and Hawaii (38, 40, 53, 55). In the 1980s, the confirmed cases of anisakiasis (not all reports have been
number of cases has increased (Table 1). The reasons for the published) (59). With the increased popularity of eating raw
increase may be severalfold: (i) increased public awareness or lightly cooked seafood dishes, the number of cases may
of the disease; (ii) increased tendency to eat raw or lightly be expected to increase. Several fish species have been
cooked seafood dishes by immigrants from fish-eating areas implicated in the transmission of anisakiasis, including Pa-
and native North Americans who delight in eating such fish cific salmon (Oncorhvcthuns spp.), rockfish (Sebastes spp.),
dishes; and (iii) the increase in marine mammal populations herring (Clhipea spp.), cod (Gladus spp.), halibut (Hippo-
along the east and west coasts of the United States that glosius stcnolepsis), mackerel (Scomwber spp.), and squid
maintain the life cycles of anisakids (11, 14, 40a). (Todalrodes spp.) (17, 22, 49).

TABLE 2. Anisakiasis in Japan"

9k of cases (no. positive/total)
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Reference

Gastric Intestinal Other

65.2 (60/92) 30.4 (28/92) 4.3 (4/92) (mesentery, greater omentum, pancreas) Yokogawa & Yoshimura, 1967 (77)
71 (196/278) 28 (77/278) 1 (3/278) (liver, mesentery, pancreas) Hayasaka et al., 1971 (23)
91.7 (4,296/4,682)"' 8 (375/4,682) 0.2 (11/4,682) Ishikura et al., 1988 (28)

From three clinicopathologic studies in Japan. The increased usage of the endoscope maiy account for the increased number of gastric versus intestinal cases.
9 215 were Pslcoterranova infections.
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Thorough cooking and adequate freezing of seafood are
easy preventive measures against infection by anisakid nem-
atodes. The Food and Drug Administration released a code
interpretation stating that "fishery products which are not
cooked throughout to 140'F (600C) or above, must have been
or must, before service or sale in ready-to-eat form, be blast
frozen to -310F (-350C) or below for 15 hours or regularly
frozen to -100F (-230C) or below for 168 hours (7 days)."
For home preparation, fish fillets should be cooked so that
the internal temperature reaches 60'C or higher for 10 min (5,
20). Thorough heating of the fish dish is essential, since
anisakid nematodes are reported to have survived after fish
was prepared in a microwave oven (36). Alternatively,
seafoods should be frozen at -20'C (temperature of most
home freezers) for 3 days; a whole fish weighing 4 to 8
pounds should be frozen at -200C for at least 5 days (5). At
room temperature, Anisakis larvae can survive for up to 6
days in 10% Formalin, 112 days in 1% HCl, 51 days in
vinegar, 1 day in soy sauce, and 1 day in Worcestershire
sauce (48).
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