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Abstract. Gnathostomiasis is a zoonotic parasitosis endemic in many Asian and some Latin American countries.
Most human infections are caused by Gnathostoma spinigerum in Asia and Gnathostoma binucleatum in the Americas,
and recently, imported cases have been increasing among travelers returning from endemic regions. Confirmation of
the clinical diagnosis relies largely on serologic tests, with a G. spinigerum-antigen-based immunoblot currently being
the diagnostic method of choice. However, we repeatedly experienced that sera from patients with clinically suspected
American gnathostomiasis gave negative results in this assay. Therefore, we used homologous methods to prepare
G. spinigerum- and G. binucleatum-antigen-based immunoblot assays, and evaluated the cross-reactivity of the two assays.
The results show incomplete cross-reactivity between the two assays: the G. spinigerum-antigen-based immunoblot
apparently only detects Asian gnathostomiasis caused by G. spinigerum, whereas the G. binucleatum-antigen-based
immunoblot is apparently capable of detecting American as well as Asian gnathostomiasis.

INTRODUCTION

Human gnathostomiasis is an endemic foodborne parasitic
zoonosis in many Asian and in some Latin America countries.1

Gnathostoma species are parasitic nematodes following a
three-host life cycle with a copepod as first intermediate host
harboring the parasite’s second-stage larva, a freshwater fish
as second intermediate host harboring the third-stage larvae
(AL3), and a carnivorous mammal as definitive host in which
the parasite reaches maturity. Humans become infected with
advanced AL3 by eating raw or poorly cooked freshwater fish
(or another second-intermediate host). In humans, however,
the parasites are unable to mature further, but instead migrate,
still in their AL3 stage, through human tissues, causing a larva
migrans syndrome (Figure 1).
The parts of the world with the highest incidence of

gnathostomiasis are those where raw fish is part of the standard
or traditional cuisine. The most common clinical presentation
and hallmark of human gnathostomiasis are intermittent sub-
cutaneous swellings or serpiginous creeping eruptions that may
appear anywhere on the body (cutaneous larva migrans syn-
drome). The larvae are capable of migrating with a speed of
up to 1 cm/hour and, if untreated, for many years through
the host’s body.2 When migrating deeper, larvae may pene-
trate and migrate through muscles and internal organs causing
visceral larva migrans syndrome. In rare cases, invasion of the
central nervous system (both the brain and spinal cord) can
lead to neurological sequelae or even be fatal,3 although such
cases have almost exclusively been reported from Thailand.4

The diagnosis of human gnathostomiasis is mainly based on
the patient’s history (living in or traveling to endemic regions,

dietary intake history) and the clinical symptoms. A definitive
diagnosis requires identification of the nematode in a tissue
specimen, but this is feasible only in cases of cutaneous or
other superficial migration of the parasite; therefore, serology
is usually the method of choice to confirm the clinical diagnosis.
The currently most widely used serological assay in Asia and
Europe is an immunoblot (Western blot), testing patients’ sera
against a crude antigen preparation of Gnathostoma spinigerum
AL3. The detection of a G. spinigerum-specific 24-kDa band
in this assay is considered diagnostic of gnathostomiasis.5,6 In
the absence of commercially available test kits, serological
testing is currently restricted to several research institutions
that offer diagnostic services (e.g., Hospital for Tropical Dis-
eases, Mahidol University, Bangkok, Thailand; Swiss Tropical
and Public Health Institute [Swiss TPH], Basel, Switzerland).
When testing sera of patients presenting with larva migrans

syndrome for gnathostomiasis in serological assays, cross-reactivity
to other tissue-invasive helminths (e.g.,Anisakis,Angiostrongylus,
Strongyloides, and Toxocara) as well as Gnathostoma species
specificity demands consideration. Especially, the latter is
problematic, as the cross-reactivity pattern among the six cur-
rently known zoonoticGnathostoma species is largely unknown
(Table 1).
Although G. spinigerum has long been recognized to cause

the majority of human infections in Asia, the species responsible
for the majority of human cases in the Americas was only more
recently identified. The first cases of human gnathostomiasis
in the Americas were described in 1970 in Mexico8 and in
1979 in Ecuador.9 Although early morphological studies of
larvae obtained by biopsy from patients in Mexico and Ecuador
described the larvae to be similar to those of G. spinigerum,9–12

later molecular genetic analysis revealed that human
gnathostomiasis inMexico andEcuador is probably caused exclu-
sively by the morphologically very similar speciesGnathostoma
binucleatum. Furthermore, it appears that G. spinigerum is
not naturally present in the American continents, although
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it was recently detected in live Asian swamp eels that were
legally imported for sale in ethnic food markets in the
United States.13–16

Over the years, we repeatedly noticed that sera from patients
with suspected American gnathostomiasis (including a series
of Peruvian patients seen at the Department for Infectious
Diseases, Tropical Medicine and Dermatology, Universidad
Peruana Cayetano Heredia, Lima, Peru, of which some
were even confirmed by excisional biopsy) tested negative
in our G. spinigerum-antigen-based immunoblot (Marti, H,
unpublished data). As we suspected incomplete cross-reactivity
among Gnathostoma spp. to account for this failure, the refer-
ence laboratory for human parasitic diseases at the Swiss TPH
developed, in analogy to the established in-houseG. spinigerum-
antigen-based immunoblot, a G. binucleatum-antigen-based
immunoblot, and evaluated the reaction patterns of refer-
ence sera in both assays.

MATERIALS AND METHODS

Advanced AL3 of G. spinigerum were isolated from liver
tissue of Asian swamp eels (Synbranchidae: Monopterus albus)
caught in the vicinity of Vientiane, Lao People’s Democratic
Republic. (Note: the immunoblot prepared from crude antigen
of these larvae has been part of the serodiagnostic panel
offered by the reference laboratory for human parasitic dis-

eases at the Swiss TPH, since 2002.) AL3 of G. binucleatum
were isolated from muscle tissue of the freshwater fish
“Huanchiche”/tiger fish (Erythrinidae: Hoplias microlepis)
caught in rice fields in the vicinity of Samborondon, Ecuador.
After microscope-aided preparation from host tissue, larvae
were stored in normal saline solution at −18°C for several days
until shipment on dry ice and storage at −80°C at the Swiss
TPH pending further processing. To confirm the species of
the Gnathostoma larvae, internal transcribed spacer (ITS-2)
gene sequences of two randomly selected larvae from each
location were individually determined according to published
protocols.13,14,17 Antigen extraction from larvae, antigen prep-
aration, and immunoblotting were performed according to
published protocols.5,6 We cross-tested positive and negative
clinical reference sera as well as three sera from patients with
suspected American gnathostomiasis in both assays. The
three patients’ sera were sent to the Swiss TPH reference
laboratory for human parasitic diseases from the United
States, Chile, and Sweden. The U.S. American patient devel-
oped the typical clinical and histological hallmarks of cutaneous
gnathostomiasis after consuming “ceviche” (a traditional Latin
American raw fish dish) in Belize and Guatemala [approxi-
mately 6 months before onset of symptoms], and in the
United States [approximately 2–3 weeks before onset of
symptoms]). Unfortunately, the specific travel and food his-
tory of the Chilean and Swedish patients were not available.
Ethics. Fish and eels used in the study were bought dead

at local fish markets. Approval for the use of dead fish was
obtained from the Ethics Committee (Cómite Institutional
de Ética para el Uso de Animales) at the University Peruana
Cayetano Heredia: CEIA-60114. The serum samples used in
this study were sent to the Swiss TPH for diagnostic purposes.
After routine diagnostic, residual sera were routinely stored
anonymized in the serum bank of the Diagnostic Center of
the Swiss TPH for research purposes. Approval for the use
of these anonymized sera for the evaluation of serodiagnostic
tests was obtained from the Ethics Committee for northwest
and central Switzerland: EKNZ-UBE-15/22. In addition, we
obtained written informed consent from the U.S. patient as
the serum sample was, unlike the Chilean and Swedish serum
samples, not anonymized, and the patient thus traceable.

RESULTS

ITS-2 sequencing of AL3 obtained from Laotian swamp eels
showed 99% similarity to the publishedG. spinigerum reference
sequence (GenBank accession Z97175), and the ITS-2 sequences
of Ecuadorian larvae was 100% identical to the published
G. binucleatum ITS-2 reference sequence (GenBank accession
Z79072), thus confirming the two different species as antigen
sources used for the immunoblot preparations. The results

TABLE 1
Human-pathogenic Gnathostoma species, their geographic distribution, and their definitive animal hosts7

Human-pathogenic Gnathostoma species Geographic distribution Definitive animal hosts

Gnathostoma spinigerum* China, India, Japan, southeast Asia Wild and domestic cats and dogs
Gnathostoma binucleatum* Central and South America Wild and domestic cats and dogs
Gnathostoma doloresi Japan, southeast Asia Wild and, probably, domestic pigs
Gnathostoma hispidum Australia, Central America, China, Japan, Korea, southeast Asia Wild and domestic pigs
Gnathostoma malaysiae Japan, southeast Asia Rats
Gnathostoma nipponicum Korea, Japan Weasels

*Most human infections are caused by G. spinigerum in Asia and G. binucleatum in Latin America.

FIGURE 1. Morphological characteristics of Gnathostoma larvae:
(A) advanced third-stage larvae (AL3) of Gnathostoma binucleatum,
(B, C) encysted AL3 larva in the muscle of freshwater fish, and
(D) characteristic cephalic region of Gnathostoma spp. covered by
transverse rows of cuticular spines and the adjacent body covered
with transverse rows of flat spines.
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of the G. spinigerum- and the G. binucleatum-antigen-based
western blots were as follows: The G. spinigerum-antigen-
based immunoblot showed the diagnostic 24-kDa band when
tested with the reference serum of a Laotian patient with clinical
gnathostomiasis, whereas it gave a negative result with the refer-
ence serum of a Peruvian patient with clinical gnathostomiasis,
and it did not react with the sera of the U.S. American, the
Chilean, and the Swedish patients. In contrast, theG. binucleatum-
antigen-based immunoblot showed the diagnostic 24-kDa band
when tested with the reference sera of the Laotian and the
Peruvian patients, and also reacted with the sera of the U.S.
American, the Chilean, and the Swedish patients. Figure 2
shows the cross-reaction patterns of the two assays tested with
the Laotian and Peruvian reference sera and the U.S. patient’s
serum. For clarity, we refrained from integrating the immuno-
blot images of the Chilean and Swedish patient into Figure 2:
both immunoblots show the same cross-reactivity and intensity
patterns as did the U.S. patient. The alignment of all the blot
images was unfeasible as the sera were tested on different
dates with different running times, thus deviating in the scaling
of the standard molecular weight ladders.

DISCUSSION

Gnathostoma spinigerum and G. binucleatum cause most
cases of human gnathostomiasis in Asia and the Americas,
respectively. For the diagnosis of G. spinigerum infections, a
G. spinigerum-AL3-antigen-based immunoblot, showing excel-
lent sensitivity and specificity,5 is currently the diagnostic
method of choice. This assay is available in reference labora-
tories in Asia and Europe.2 However, the sensitivity and
specificity of this assay in patients infected with American
Gnathostoma spp. remain unclear.
In the Americas, most reported cases of human

gnathostomiasis are from Mexico, where local studies have
successfully evaluated somatic and excretory-secretory antigens
of G. binucleatum AL3 in immunoblot assays to diagnose
human gnathostomiasis.18,19 No study has ever evaluated

the usage of G. binucleatum AL3 in immunoblot assays in
Ecuador or Peru, where human gnathostomiasis occurs.20

However, a Gnathostoma doloresi antigen-based enzyme-
linked immunosorbent assay (ELISA) has successfully been
used to diagnose gnathostomiasis in Ecuadorian patients in
the past.21 In the published literature, we found only one study
investigating the cross-reactivity of serological assays with
regard to Asian and American gnathostomiasis: Ishiwata and
colleagues tested sera of patients with clinical gnathostomiasis
from Mexico, where G. binucleatum is endemic, and from
Japan, where G. doloresi predominates, using ELISAs and
immunoblots prepared from adult-worm extracts of G.
spinigerum, Gnathostoma hispidum, and G. doloresi.22 The
authors concluded that each of the three adult-worm extracts
was equally useful to diagnose gnathostomiasis by ELISA
and immunoblot, regardless of the causative species. How-
ever, we found no published study that investigated the
cross-reactivity of serological assays analogously prepared
from AL3 extracts.
Therefore, we developed, in parallel to the established

G. spinigerum-AL3-antigen-based immunoblot, aG. binucleatum-
AL3-antigen-based immunoblot and evaluated the cross-reactivity
pattern between and within both assays. Although our current
data are limited, and the performance of the two immunoblots
needs to be further validated using sera from larger cohorts,
two important issues are offered for discussion. First, the
G. spinigerum-antigen-based immunoblot fails to detect South
American gnathostomiasis, presumably caused byG.binucleatum.
This observation is of considerable clinical importance, consid-
ering that this assay is currently the diagnostic test of choice
offered by reference laboratories in Asia and Europe, and the
fact that many physicians ordering this test may not be aware
of the different Gnathostoma spp. endemic in Asia and the
Americas. Second, we found that an analogously prepared
G. binucleatum-AL3-antigen-based immunoblot is apparently
capable of detecting American as well as Asian gnathostomiasis.
Although these preliminary results are promising, the
G. binucleatum-AL3-antigen-based immunoblot still needs to

FIGURE 2. Results of the Gnathostoma binucleatum (G.b.)- and Gnathostoma spinigerum (G.s.)-antigen-based western blots.
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be validated before the assay can be implemented in routine
diagnostics. As done with the G. spinigerum-AL3-antigen-
based immunoblot in the past, we are currently evaluating the
assay’s reactivity with sera from patients with other confirmed
tissue-invasive nematode infections to assess the assay’s specificity.
In recent years, gnathostomiasis has emerged as an impor-

tant differential diagnosis in international travelers presenting
with larva migrans syndrome7 after returning from endemic as
well as previously unknown endemic regions.23 We would like
to highlight that the currently most widely used G. spinigerum-
based serodiagnostic assay should be interpreted with cau-
tion if a patient is likely to be infected with a non-spinigerum
Gnathostoma species, especially with G. binucleatum in
the Americas.
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