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Gnathostoma

O. Sanpool, P.M. Intapan, David Blair, Yukifumi Nawa, and W. Maleewong

80.1  Introduction

Gnathostomiasis, a helminthic zoonosis, is a dangerous 
foodborne disease caused by spiruroid roundworms of the 
genus Gnathostoma. The disease is endemic mainly in Asia and 
the Americas (e.g., Mexico, Thailand, Japan, and Vietnam).1–4 
Sporadic cases have been emerging among travelers who have 
returned from these well-known endemic areas5,6 and from other 
tropical regions (e.g., Zambia7 and Botswana8). The possibility of 
gnathostomiasis occurring in Oceania needs attention, because 
indigenous cases have recently been reported from Australia9 and 
New Zealand.10

Humans usually acquire infection by consuming raw or 
undercooked flesh of the second intermediate and paratenic 
hosts, especially freshwater fish containing infective third-stage 
larvae (L3). In endemic areas, popular dishes such as sashimi 
and sushi in Japan, ngar lay chi in Myanmar, koi ga in Vietnam, 
koi-pla in Thailand, and ceviche and callos in Latin America 
are prepared using raw or semicooked freshwater fish.4 A few 
cases of gnathostomiasis in Japan have been reported following 
consumption of sashimi of snakes.11

Upon ingestion, Gnathostoma L3 larvae migrate into 
subcutaneous tissues and cause intermittent migratory dermal 
swellings or creeping eruption on the skin. Normally, L3 cannot 
develop further in humans, so the disease is best known for its 
cutaneous manifestations. Occasionally, the parasite wanders to 

vital organs, that is, the central nervous system (CNS), eyes, etc., 
producing serious clinical features, harmful complications, and 
even death.2,12–14 There are some records of people becoming 
infected as a result of handling meat of infected animals (fish, 
chicken, and pig), presumably by direct skin penetration of 
larvae.15 Feto-maternal transmission of Gnathostoma advanced 
third-stage larva (AL3) across the placenta may also occur.3

80.2  Classification and Morphology

80.2.1  Classification

Genus Gnathostoma Owen, 1836 is classified in the 
phylum Nematoda, order Spirurida Chitwood, 1933, family 
Gnathostomatidae Railliet, 1895. Thirteen species are considered 
valid: Gnathostoma socialis Leidy, 1858; G. turgidum Stossich, 
1902; G. americanum Travassos, 1925; G. procyonis Chandler, 
1942; G. miyazakii Anderson, 1964; G. binucleatum Almeyda-
Artigas, 1991; G. lamothei Bertoni-Ruiz et al., 2005; G. spinigerum 
Owen, 1836; G. hispidum Fedchenco, 1872; G. doloresi Tubangui, 
1925; G. nipponicum Yamaguti, 1941; G. malaysiae Miyazaki and 
Dunn, 1965; and G. vietnamicum Le-Van-Hoa, 1965.4 Among 
these, six are in Eurasia, and seven are in the Americas. Four 
species in Asia and one species in Latin America are recognized as 
human pathogens.4 Gnathostoma spinigerum is the most common 
species to cause human disease in Asia. Infections with G. doloresi, 
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G. hispidum, and G. nipponicum are known primarily from Japan, 
although G. hispidum infection in a Korean man returning from 
China has also been reported.16 Gnathostoma binucleatum is 
the only species proven to cause human gnathostomiasis in the 
Americas.3,4 One Japanese man was reportedly infected with 
G. malaysiae,17 but the species identification was inadequate, and 
further confirmation is necessary.

80.2.2  Morphology

Adult Gnathostoma parasites generally live in a tumor of 
the stomach wall of their mammalian hosts. Exceptions are 
G. nipponicum, adults of which live in the esophagus of weasles, 
and G. vietnamicum, adults of which live in the kidneys of 
rodents.2,18 Adult Gnathostoma worms have a cylindrical body: 
male worms are about 1–3 cm, and female adult worms are about 
2–5 cm in length. Adults of G. turgidum are exceptionally large 
with males 2–5 cm and females 5–10 cm in length. The anterior 
end of the body has a round head-bulb equipped with 8–10 
concentric rows of hooklets and a pair of lips surrounding a mouth 
in the center. The body surface is covered by rows of cuticular 
spines varying in size, distribution, and form characteristic to each 
species. These morphological features are clearly summarized.4

Male genitals, located near the posterior end, are surrounded 
by papillae varying in number, size, and distribution. This area is 
curved ventrally and houses two spicules of unequal length (0.9–
2.1 and 0.4–0.5 mm) (Figure 80.1d). The female has a bluntly 
rounded tail. The vulva is a slight transverse slit behind the 
middle of the body connected to a long muscular vagina, which 
passes anteriorly then posteriorly and dorsally before dividing into 
two uterine branches filled with eggs at different developmental 
stages. Eggs are passed to the environment through the vulva. 
Fertile eggs are oval in shape, usually colored yellow or brown 
(Figure 80.1a). A fertile egg is about 70 × 40 µm in size; its shell 
has either some small pits or a smooth surface, with one or two 
polar bulges, depending on the species.18,19

The newly hatched first-stage larva (L1) is cylindrical, covered 
with a delicate, voluminous, smooth, and transparent sheath, 
and displays active movements. The anterior part is round and 
covered with minute solid spines. The second-stage larva (L2) 
has two unequal transparent lips and gradually increases in size 
while living in the coelom of copepods (Figure 80.1b). The size 
of the early third-stage larva (EL3) (Figure 80.1b) is about 300–
400 × 50–60 µm. The head-bulb is equipped with four rows of 
hooklets (except for G. nipponicum larvae, which have three rows 
of hooklets there). A marked constriction is seen between the 
head-bulb and the body. Four cervical sacs are well developed 
and extend along both sides of the esophagus down to about the 
beginning of the intestinal tract. A group of sensory papillae 
is located at the head and another at the neck portion of the 
body (cervical papillae). The AL3 is approximately 2–3 mm in 
length (Figure 80.1c). That of G. turgidum is exceptionally large, 
measuring about 1 cm.20 AL3s frequently encyst in the liver or 
muscles of intermediate and paratenic hosts.

In gross appearance, AL3 is divided into lips, head-bulb, and 
body. The lips have two pairs of papillae and two amphids. The 
head-bulb of L3 and adults has four chambers, called ballonets, 
which are independently linked with the four cervical sacs 
located in the pseudocoel. The ballonet-cervical sac system 
contains fluid and acts in locomotion. The esophagus extends 
from the mouth and has a well-developed gland that secretes 
substances to help migration and external digestion. The intestine 
ends posteriorly as an anal pore and is formed by a monolayer 
of cuboidal or columnar cells with one to six nuclei (depending 
on the species) and numerous brown granules. The body surface 
of larvae is covered with rows of cuticular spines diminishing 
in size and number toward the posterior end. Usually, a pair 
of cervical papillae is located between rows 12 and 14; further 
down, in rows 30–32, is an excretory pore. The morphological 
features of larvae such as the number of hooklets in each row 
on the bulb, shape and distribution of cuticular spines, shape of 
the intestinal epithelial cells, and number of nuclei in the cells, 

Female
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FIGURE 80.1  Demonstration of Gnathostoma spinigerum eggs (a), the early third-stage larva living in copepods (b), the advanced third-stage larva (c), 
the female and male adults (d).
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are the important landmarks for differentiation of Gnathostoma 
species,18,21 which are clearly summarized.4

80.3  Biology and Life Cycle

The host range of adult gnathostomes seems to be rather narrow 
depending on the species.4 All species of the genus Gnathostoma 
exploit copepods in freshwater or brackish water as the first 
intermediate hosts, perhaps with low species specificity. The 
second intermediate hosts are amphibians (frogs, newts), 
crustaceans, and freshwater or brackish-water fish. Several fish-
eating fish and birds, reptiles (snakes and turtles), small mammals, 
etc., can act as paratenic hosts,18 in which AL3s encyst, remaining 
infective but unable to grow further.

Adults generally live in a tumor formed through a proliferation 
of the host connective tissue, which may be followed by 
calcification of the area surrounding the parasite. Worms lie with 
their heads buried in the wall of the relevant organ and their tails 
extending from the tumor into the lumen of the organ. More than 
one tumor might occur in a host, and each may contain one or 
more worms of both sexes. Females release fertilized eggs into the 
stomach (or esophageal) lumen, from which they are eventually 
voided via the stool (or urine in the case of G. vietnamicum). 
Fertilized eggs embryonate and develop, from L1 to sheathed L2 
in water. In the case of G. spinigerum, optimum development 
occurs within a temperature range of 24°C–30°C. The L2 larvae 
hatch through an operculum and swim in water until they are 
eaten by copepods. Within the hemocoel of the copepod, they 
develop into EL3 within 7–14 days.22 When infected copepods 
are eaten by the second intermediate host, EL3s move into the 
muscle tissue or liver of the new host, where they encyst and grow 
into AL3. When these in turn are ingested by a definitive host, 
they develop to the adult stage to complete the life cycle within 
about 100 days.

Despite often being regarded as accidental hosts for 
Gnathostoma worms, recovery of adult worms from humans is 
rather frequent, suggesting that humans can function as definitive 
hosts.4 Most of these cases were infected with a single adult 
worm; multiple worm infection is uncommon.15

80.4  Epidemiology

Species of fish, reptiles, birds, amphibians, and mammals act as 
second intermediate hosts or paratenic hosts in the endemic areas 
of Central and South America23 and Asia.2,18 Increasing numbers 
of gnathostomiasis cases have been reported among travelers 
returning from endemic countries,6,24 and the disease is regarded 
as an emerging imported disease in Europe and other Western 
countries. More than 9,000 cases of gnathostomiasis have been 
reported in Thailand and in Mexico, and more than 4,000 cases 
in Japan. Over 600 serologically diagnosed cases have been 
found in Vietnam.25 Outside of those endemic countries, more 
than 2,000 cases have been reported in Ecuador.26 Areas with 
high seroprevalence were recently found in Lao PDR.27 Apart 
from Asia and Latin America, Africa should be considered as 
a gnathostomiasis-endemic area, since small group infections 
were found among travelers who visited Zambia7 and Botswana.8 

A  male dog infected with Gnathostoma in the stomach was 
recently reported from Zambia.28

80.4.1  Occurrence in the Americas

Of the seven Gnathostoma species identified in the Americas,4 
G. binucleatum is the only one proven to cause human 
gnathostomiasis. Mexico (>10,000 cases), Ecuador (>2,000 
cases), and Peru (>18 cases) have the highest incidences of human 
gnathostomiasis in the Americas.4 Many countries have reported 
human gnathostomiasis from autochthonous cases. Among these 
are Brazil,29 Ecuador,26,30–33 Mexico,34–40 Peru,41–47 and the United 
States.48,49 Cases have also been reported among travelers who 
have returned from countries in the Americas, such as Brazil.47

80.4.2  Occurrence in Asia

Gnathostomiasis occurs across many parts of Asia.4 The first 
human case was reported by Levinsen (1889), who found an 
immature female worm in the breast skin of a young Thai woman 
in Bangkok. This worm was initially identified as Cheiracanthus 
siamensis but subsequently described as G. spinigerum.2 From 
then on, human gnathostomiasis cases and animal infections 
with G. spinigerum, G. hispidum, G. doloresi, G. nipponicum, 
G. malayanum, G. malaysiae, and G. vietnamicum have been 
reported in several Asian countries, that is, Bangladesh,5,37,50–54 
Cambodia,2,55 China,1,16,18,56–62 India,4 Indonesia,63–67 
Malaysia,1,37,68–74 Philippines,75–80 and Sri Lanka.81

In Japan, G. spinigerum, G. hispidum, G. nipponicum, 
and G.  doloresi were reported as causative agents for human 
infection.82 Gnathostoma spinigerum was initially imported into 
Japan1 when snakehead fish were introduced from China, and its 
life cycle was established in central to southwestern Japan. Stray 
dogs and cats act as final hosts there. Gnathostoma hispidum 
was introduced from China by importation of loaches harboring 
the infective larvae.82 Gnathostoma nipponicum and G. doloresi 
are indigenous species. An extensive review on gnathostomiasis 
cases in Japan by Ando83 revealed a total of 3,225 cases during 
the period 1911–2002, with a peak incidence of about 1,300 
patients in Kyushu district in 1950. In addition to indigenous 
cases, 86 individuals were originally infected in China and 34 
in other Asian countries. Most cases in Japan were caused by 
G. spinigerum, 119 by G. hispidum, 26 by G. nipponicum, 45 by 
G. doloresi, and one by G. malaysiae. Males were infected more 
than twice as often as females. Most patients were 30–40 years 
old: the youngest was an infant of 1 year and 11 months, and the 
oldest was aged 76. One interesting gnathostomiasis case in Japan 
was infected by eating raw snake meat as sashimi.11

In Korea, Gnathostoma larvae were collected from freshwater 
fish in the southeastern part of the country,84 and G. hispidum and/
or G. nipponicum larvae were found in snakes and/or frogs.85,86 Most 
reported cases were foreigners from endemic areas87 or Korean 
travelers who had returned from endemic areas.88–90 For example, 
a Korean man who had returned from China was confirmed to be 
infected with G. hispidum.16 One American man with eosinophilic 
meningitis might have been infected in Korea.91 A Korean indigenous 
case caused by G. spinigerum infection has also been reported.92

In Lao PDR, the overall prevalence was about 30% according 
to a seroepidemiological study. The majority of cases were from 
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the central (47%) and southern (38%) provinces: prevalence was 
very low in the north (3.6%).27 Adult G. spinigerum were found in 
cats93 and dogs,27 and AL3s were found in snakehead fish, swamp 
eels, and several other fish species and also in frogs.27 Recently, 
G. spinigerum AL3 from a snake, Ptyas korros Schlegel, from 
Laos was identified using, for the first time, a molecular method.94 
Gnathostomiasis cases among Laotian immigrants have been 
reported in various countries, for example, the United States,95–98 
France,99 and Germany.100

In Myanmar, G. spinigerum adult worms have been found in 
cats and dogs, and two human cases of intraocular gnathostomiasis 
have been reported.73,101 Ocular gnathostomiasis cases in Chinese 
Burmese in Taiwan have also been reported.102 Two Japanese 
men were reportedly infected with G. malaysiae in Myanmar,17 
although the identification of the worm was not convincing. 
An outbreak of gnathostomiasis occurred in 38 of 60 Korean 
emigrants who consumed raw freshwater fish together in a Korean 
restaurant in Yangon. The patients were diagnosed by their clinical 
symptoms and serology (enzyme-linked immunosorbent assay 
[ELISA]) using G. doloresi adult-worm antigen.88 Gnathostoma 
spinigerum larvae were found in snakehead fish in Myanmar.103

In Thailand, G. spinigerum, G. hispidum, G. doloresi, 
G.  vietnamicum, and G. malaysiae have been found in many 
hosts. Forty-eight species of animals have been reported as 
the natural vertebrate hosts of G. spinigerum AL3.15,104 Many 
human cases have been claimed, but there is no official record 
of total gnathostomiasis cases. About 100–400 new suspected 
patients visited the Gnathostomiasis Clinic of the Hospital for 
Tropical Diseases, Mahidol University, Bangkok, between 1997 
and 2002.104 Recently, G. spinigerum worms recovered from 
humans,105 dogs,9 and freshwater swamp eels106 were identified 
using a combination of morphological and molecular methods.

In Vietnam, large numbers of gnathostomiasis patients have 
been found among local residents. Cases among overseas travelers 
returning from Vietnam have also been reported. Gnathostoma 
spinigerum, G. hispidum, G. doloresi, and G. vietnamicum 
have been reported from Vietnam in wild animals.107 Most 
human cases in Vietnam were diagnosed using a combination 
of clinical symptoms and serodiagnosis (ELISA).25,108 Four cases 
of cerebromyelitis109 and one of intraocular gnathostomiasis,110 
caused by G. spinigerum larvae, have been reported.

80.4.3  Occurrence in Other Localities

Human gnathostomiasis cases and/or animal infections with 
Gnathostoma species have been reported in several areas apart 
from those discussed above, that is, the African continent,7–8,111–113 
Australia,9,114–117 Palestinian Territory,118 Spain,119–124 Italy,125 
France,126–129 and New Zealand.10 The causative species in some 
cases was tentatively identified as G. spinigerum. However, 
further identification using combined morphological and 
molecular methods is required in those areas.

80.5  Clinical Features

Gnathostoma larvae, as well as immature and mature adults, 
cause a variety of clinical manifestations in humans. Their speed 
of migration varies from 1.8 mm to 3.0 cm/h, and direction is 

apparently random. After being ingested, Gnathostoma AL3 
preferentially migrates through the liver and then disperses mainly 
to the skin (subcutaneous connective tissue) via the bloodstream.18 
The duration of G. spinigerum infection in humans varies. Larvae 
are recorded as persisting for 10130–17 years131 without reaching 
maturity. Although ingestion of infected intermediate or paratenic 
hosts is the usual route of infection, percutaneous penetration 
can also happen when AL3-contaminated meats are used as a 
poultice.15 Ingested AL3s penetrate the gastric and/or intestinal 
wall, causing eosinophilia and nonspecific systemic symptoms, 
including malaise, fever, urticaria, anorexia, nausea, vomiting, 
diarrhea, and epigastric pain within 24–48 hours.15,132 Although 
uncommon, intestinal obstruction due to severe inflammatory 
reaction around a worm in the gut wall has been reported.133–135 
Migration to the lungs has only been sporadically reported.136–140

Clinical manifestations are divided into two major disease 
categories, cutaneous larva migrans and visceral larva migrans. 
Migration into the subcutaneous tissues results in intermittent 
painful and pruritic migratory swelling. Migration into visceral 
organs (visceral larva migrans) often causes eosinophilic 
abscess.132 Migration into the eyes (intraocular) and the CNS13 
often causes substantial damage. Clinical features of skin lesions 
caused by G. binucleatum infection in Mexico and Ecuador are 
basically the same as those caused by G. spinigerum infection in 
Asia; intermittent migratory swellings appear on peripheral parts 
of the body and persist over years.3 In contrast, patients infected 
with G. hispidum, G. doloresi, and G. nipponicum mostly show 
intermittent serpiginous eruptions on the skin (creeping diseases), 
principally on the abdomen or back, which persist for not longer 
than 2 months even without treatment.4,82 A hemorrhagic zone 
or a pigmented plaque remains in the area, but tends to vanish 
in 2–5 weeks, after inflammation has faded away.4,15 Creeping 
lesions seen in gnathostomiasis are often misdiagnosed as 
cutaneous larva migrans caused by other helminthic infections, 
such as Ancylostoma caninum, human hookworm, Strongyloides 
stercoralis, etc.31,82,141

The prognosis for ocular gnathostomiasis is generally good, but 
irreversible damage leading to blindness has been reported.142 An 
extensive literature review by Nawa et al.37 covered 73 cases of 
ocular gnathostomiasis.90,143–145

Over a hundred neurognathostomiasis cases have been 
reviewed, most of which were found in Thailand.14 Since 
ocular gnathostomiasis cases have similar prevalences in 
endemic countries like Japan, Thailand, and Mexico,37 the high 
incidence of neurognathostomiasis only in Thailand needs more 
epidemiological as well as genetic study on both parasites and 
hosts.

80.6  Pathogenesis

The pathological features of gnathostomiasis consist of 
inflammation, edema, and tissue destruction along the migration 
route of the worm. Mechanical damage by the parasite and the 
effects of its excretory-secretory products are the principal causes 
of pathological change. Among the excretory-secretory products 
of G. spinigerum are various biologically and immunogenically 
active substances such as acetylcholine, hyaluronidase, protease, 
and hemolysin.1 Horii et  al.146 demonstrated extremely strong 
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eosinophil and neutrophil chemotactic activity in a crude extract 
of G. doloresi adult worms. The tissue reactions could possibly 
be regarded as allergic, but the number and size of larvae, and 
the sites through which they migrate, are also important factors 
(Figure 80.2).

80.7  Diagnosis

Definitive diagnosis of gnathostomiasis can be made by 
identification of Gnathostoma worms that have spontaneously 
emerged from the body or are found in biopsy specimens. 
However, worms are infrequently seen. Worm detection rate is 
far lower in cutaneous cases and visceral cases than in ocular 
cases.37,83 Information helpful for supporting diagnosis of 
suspected patients when actual worms have not been recovered 
and identified is as follows:

	 1.	 History of eating raw meat dishes prepared from fish, 
amphibians, reptiles, birds, or mammals. These could 
have been contaminated with infective larvae. More 
than 90% of suspected patients have a history of eating 
raw or semicooked freshwater or brackish-water fishes. 
This information is important in the case of travelers 
who have visited endemic areas, or of immigrants from 
endemic areas.

	 2.	 History of intermittent migratory swelling in the skin 
or other skin lesion. Differential diagnosis is essential, 
since similar clinical manifestations can be due to 
infections by larvae of several other parasites such 
as Ancylostoma caninum and other dog hookworms, 
Strongyloides spp., Paragonimus spp., Spirometra spp., 
etc. Signs and symptoms of visceral larva migrans are 
variable depending on the organs or tissues affected, 
and rather nonspecific. The presence of eosinophilia 
of more than 10% with or without leukocytosis is a 
supportive criterion.

	 3.	 For neurognathostomiasis, the main diagnostic clue is 
detection of cerebral hemorrhage.147 Visualization of 
a hemorrhagic tract by computed tomography and/or 

magnetic resonance imaging is highly suggestive of 
neurognathostomiasis.148 In angiostrongyliasis, another 
famous zoonotic nematodiasis causing eosinophilic 
meningitis, almost all patients have normal brain computed 
tomography findings, and few cases show parenchymal 
brain lesions. Radioimaging is sometimes helpful to 
distinguish between Gnathostoma and Angiostrongylus 
parasites as causes of eosinophilic meningoencephalitis.149

	 4.	 Specific antibody detection by ELISA and/or 
immunoblotting is helpful for the diagnosis of suspected 
cases without detection of parasite larvae/adults. Many 
serodiagnostic tests can provide supportive clues.150 
ELISA, based on the detection of human IgG antibody 
to Gnathostoma antigen, has been commonly used.141,151–

153 Skin tests were often used before the development 
of ELISA,1 and its field use in developing countries is 
recommended even now.154 The diagnostic values of 
somatic extract and excretory-secretory antigens of 
AL3 G. spinigerum in ELISA have been reported.155

Immunoblot analysis identified a 24 kDa polypeptide in 
G. spinigerum larval extract that specifically reacted with 
IgG antibody in human gnathostomiasis sera.156 This antigen, 
partially purified, gave 100% diagnostic sensitivity and 
specificity in ELISA.157 Two-dimensional gel electrophoresis of 
antigenic components (23–25 kDa, pI 8.3–8.5) extracted from 
G. spinigerum larvae, followed by immunoblot analysis, yielded 
83.3% sensitivity without cross-reaction to angiostrongyliasis, 
cysticercosis, or healthy control sera.158 In a later study, a 
21 kDa antigenic band of G. spinigerum AL3 extract reacted 
with IgG4 antibody in human gnathostomiasis sera with 100% 
sensitivity and specificity, whereas the 24 kDa band gave only 
92.9% sensitivity and 93.4% specificity.159 Similarly, the 24 kDa 
antigenic component of G. spinigerum AL3 was predominantly 
recognized by human IgG4 subclass antibodies.160 Detection of 
21 and 24 kDa bands in the crude somatic AL3 G. spinigerum 
antigen was recognized by IgG antibody in immunoblot, showing 
also good diagnostic values for neurognathostomiasis.161

In addition to crude or partially fractionated worm antigens, 
recombinant proteins have been tested as antigens for use in 

(a) (b)Ci
cu

I mu

AL3

FT

200 µm 3 mm

FIGURE 80.2  (a) Hematoxylin-eosin staining section of a Gnathostoma spinigerum larva (AL3) in infected mouse muscle (mu) surrounding with fibrous 
connective tissue (FT). Parasite cyst showing mixed inflammatory infiltration (CI) and the section exhibiting the G. spinigerum larva in the center with 
intestine (I) and cuticle (cu). (b) Lesion on the skin of a gnathostomiasis patient after G. spinigerum had emerged (arrow).
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immunodiagnosis. Recombinant G. spinigerum cyclophilin 
reacted with human gnathostomiasis sera but not with sera 
from other parasitosis or healthy control sera.162 Recombinant 
matrix metalloproteinase (MMP) of G. spinigerum was 
similarly tested.163–165 Sanseeha et  al.166 developed an MMP-
dot-ELISA, which appears to be a suitable rapid diagnostic 
test for epidemiological studies. Caballero-García et al.167 also 
found that MMP is an immunodominant antigenic component 
in excretory-secretory products of G. binucleatum larvae. 
A cathepsin L-like cysteine protease was identified and 
characterized as an immunogenic component of G. spinigerum.168 
Recently, type 1 galectin was identified as an immunodominant 
antigen of G. binucleatum and partially purified as the lactose-
binding glycopeptide.169 In spite of such extensive work on 
immunodiagnosis of gnathostomiasis, it should be noted that 
the causative species cannot be identified by such methods due 
to cross-reactivity among Gnathostoma species.37 Recently, 
Neumayr et  al.170 suggested that G. spinigerum–based 
serodiagnostic assays should be interpreted with caution if the 
patient is possibly infected with any other species of Gnathostoma, 
especially with G. binucleatum in the Americas. Recently, an 
immunochromatographic test (ICT) kit was developed using a 
recombinant protein (rGslic18) for a simple and rapid diagnosis 
of human gnathostomiasis.171 The ICT method is convenient and 
easy to implement and expected to provide reliable diagnostic 
results with high sensitivity (93.8%) and specificity (97%) 
(Figure 80.3) and is suitable for rapid clinical diagnosis at the 
bedside and for large-scale epidemiological surveys.

80.8  Treatment

The best treatment for cutaneous gnathostomiasis is surgical 
removal of the worm. Albendazole was evaluated for the treatment 
of human gnathostomiasis at a dose of 400 or 800 mg/day for 
21 days. Cure rates (i.e., no further appearance of swellings) of 
93.9% and 94.1%, respectively, were obtained.172 However, side 
effects, including gastrointestinal distress, headache, dizziness, 

elevated and reversible levels of hepatic enzymes, and transient 
reduction of the total leukocyte count, were often recorded after 
albendazole treatment. The efficacy of various drugs against 
Gnathostoma larvae in experimentally infected mice was 
reviewed by Rusnak and Lucey.132 Although the exact parasiticidal 
action of praziquantel remains unclear, it might cause worms to 
exit the host, improving the chance of surgical extirpation of 
the worm. Ivermectin is effective against many human tissue 
parasitic infections. It is somewhat, but not significantly, less 
effective than albendazole (400 mg/day for 21 days) for treatment 
of cutaneous gnathostomiasis.173 There is no clear verification of 
the effectiveness of albendazole and ivermectin for treatment 
of human gnathostomiasis.174 For ocular gnathostomiasis, most 
cases have been treated by surgical removal of the parasite.

80.9  Prevention

The two anthelmintic drugs, albendazole and ivermectin, 
currently used for gnathostomiasis treatment give unsatisfactory 
cure rates. Signs and symptoms often persist after treatment, and 
infection can be serious if the worm migrates into vital organs. 
Thus, prevention of infection is better than treatment. The eating 
habits of people in endemic areas need to be changed, but this 
is notoriously difficult. Another approach might be to treat 
uncooked foods to minimize chances of infection. The effects of 
temperature, chemicals, and radiation on viability of gnathostome 
larva have been investigated.3,15

80.10  Conclusions and Future Prospects

Gnathostomiasis is a harmful foodborne helminthic zoonosis caused 
by the migration of the Gnathostoma worm. In this chapter, we 
reviewed the biology, epidemiology, clinical features, pathogenesis, 
diagnosis, treatment, and control of gnathostomiasis. Gnathostoma 
spinigerum, G. doloresi, G. hispidum, G. nipponicum, G. malaysiae, 
and G. binucleatum have all been reported as causing human 
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disease. Gnathostoma spinigerum is common in Asia, while G. 
binucleatum is the main causative agent of gnathosomiasis in the 
Americas. Advanced L3 larvae are the infective stage for humans, 
ingested with raw or improperly cooked meat contaminated with 
them. More than 40 species of fish, reptiles, amphibians, birds, and 
small mammals act as intermediate and paratenic hosts. Human 
gnathostomiasis commonly presents with a migratory swelling 
syndrome: vital organs might be infected, resulting in death or 
serious symptoms. Infection by skin penetration of larvae while 
handling contaminated flesh, and transplacental transmission, are 
possible. Diagnosis is dependent on identification of Gnathostoma 
worms recovered from patients, clinical manifestations, and 
serological tests. Albendazole or ivermectin have been used for 
the treatment, but their efficacy remains uncertain. Proper cooking 
of food is the best means of prevention. Gnathostomiasis cases 
have been increasing among international travelers returning from 
endemic countries. Clinicians in nonendemic areas therefore need 
to be aware of the clinical features of gnathostomiasis for early 
diagnosis and treatment. There are clear needs for research on 
rapid diagnostic tests, effective therapy, and evaluation of drug 
efficacy. Proteomic studies will assist the search for candidate 
proteins for diagnosis and vaccine/drug design and may provide 
better understanding of the host-parasite relationship in human 
gnathostomiasis.175

To better understand this disease, immunological studies 
on its pathogenicity and pathology are indispensable. 
Molecular methodologies are also required to assist taxonomic 
determinations within the genus and to uncover further details 
in nematode systematics. Collaborative networks and data 
sharing between researchers and public health experts should 
be promoted. To prevent transmission of gnathostomiasis to 
nonendemic regions, information on its prevention and control 
must be widely disseminated. A surveillance system needs to be 
established in endemic Asian and American countries to facilitate 
rapid diagnosis and treatment.
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